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REPORT ON ATMOSPHERIC SCATTERING, SKY 
POLARIZATION, AND ALLIED PHENOMENA! 
BY 
F. E, Fow.e 
ATMOSPHERIC SCATTERING 

Atmospheric scattering of light, with the allied phenomenon 
of sky polarization, is of considerable importance to meteorolo- 
gists and astronomers. The former is interested in it as an indica- 
tion of the amount and condition of the atmospheric water vapor, 
the latter as it affects the measures of the brightness or intensity 
of radiation from celestial bodies. 

The scattering of energy out of the direct beam from a celestial 
object follows the formula e,,=e¢,@" where e, is the intensity of 
the incident radiation or light, ¢,, that after passing through the 
mass of air m, a, the transmission coefficient for passage through 
the atmosphere vertically, m the air mass taken equal to unity for 
a vertical path through the atmosphere to the ground and prac- 
tically proportional to the secant of the zenith distance of the 


TABLE 1 








wave-length, u. . | a : .431 


Gpae..........) OS} |. .706 | .779 | .845 
air with 1.6 cm 


.706 | . .769 


.834 | .837 | .850 

















1 Section of 1921 Report of Standards Committee on Spectroradiometry, W. W. 
Coblentz, Chairman. 
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TABLE 2.—Transmission Percentages of Radiation Through Moinst Air 
The values of this table will be of use for finding the transmission of energy through 
air containing a known amount of water vapor. An approximate value for the trans- 
mission may be had if the amount of energy from the source between the wave-lengths 
of the first column is multiplied by the corresponding transmission coefficients of the 
subsequent columns. The values for the wave-lengths greater than 18, are tentative 
and doubtful. Fowle, Water-vapor Transparency, Smithsonian Misc. Collections, 68, 


No. 8, 1917; Fowle, The Transparency of Aqueous Vapor, Astrophysical J. 42, p. 394, 
1915. 
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*These places require multiplication by the following factors to allow for losses 
in CO, gas. Under average sea-level outdoor conditions the CO, (partial pressure 
=0.0003 atmos.) amounts to about 0.6 gram per cu.m. Paschen gives 3 times as 
much for indoor conditions. 

2 to 3u, for 2 grams in m* path (95); for 140 grams in m* path (93); 

4u to 5y, for 2 grams in m* path (93); for 140 grams in m* path (70); more CO, 
no further effect; 

13, to 14, slight allowance to be made; 

14y to 15, 80 grams in m* path reduces energy to zero; 

15 to 16, 80 grams in m* path reduces energy to zero; 

¢ These places require multiplication by 0.90 and 0.70 respectively for one air 
mass and 0.85 and 0.65 for two air masses to allow for ozone absorption when the 
radiation comes from a celestial body. 


*--* 
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body for other directions. The air mass in its variation with the 
elevation is proportional to the barometric reading. Table 1 
gives in the first line the wave-length, and in the succeeding 
lines, the value of a at sea-level for dry, dust-free air, for air with 
1.57 precipitable water vapor and dust scattering 9 per cent ‘of 
the incoming radiation and for air on a cold winter day with 0.33 
cm precipitable water and dust scattering about 3.6 per cent. 

More complete details will be found in references 1 to 11. 

The light scattered by 1 cm of presipitable water vapor in 
the atmosphere decreases from about 8 per cent at .342u through 
5 per cent at .413yu, 2 at .764y to practically none at 1.54. For 
wave-lengths less than .6y there is very little light absorbed 
except for a small amount in the neighborhood of the D lines. 
For longer wave-lengths, however it begins to exercise an increas- 
ingly powerful absorption as indicated by Table 2, taken from 
the Smithsonian Physical Tables.” 


TABLE 3.—Relative Illumination Intensities“ 

















Source of Illumination | Intensity Foot- | Ratio to Zenithal Full 
Oe Oe ee ae 9600. | 465000. 
Twilight at sunset or sunrise......... 33.0 | 1598. 
Twilight center of sun 1°below horizon. | 30.0 1453. 

“ “ “ “ y “ “ 15.0 727. 

“ a“ “ “ 3 “ “cc 7.4 | 358. 

“ “ « 4° “ “ | 3.1 150. 

“ “ “ “ 5° “ “ os 53. 

“ “ “ “ 6° “ “ 0 40 19.0 

(End of civil twilight) 

Twilight center of sun 7° below horizon} 0.10 5.0 

“ “ “ “ R° “ “ 04 2 0 
Ee ee .Q2 1.00 
Twilight center of sun 9° below horizon .015 0.75 

“ce “ce “ “ 10° “ce “ .008 j 40 
ERRORS SAE ree .00008 | 004 








For the “Variations in the total and luminous solar radiation 
with geographical position in the United States’’ the paper with 
that title by Professor Kimball should be consulted.“ The 
above table quoted from Humphreys’ “Physics of the Air’ and 
due to photometric measures by Kimball and Thiessen gives the 
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approximate value of a number of clear-sky, twilight and other 
natural illumination intensities on a fully exposed horizontal 
surface. 

Table 4 is taken from Volume 4 of the Annals of the Astrophysi- 
cal Observatory of the Smithsonian Institution. 


TABLE 4.—Radiation from Sun and Sky 








Altitude of Sun | 5° 15° | 25° | 35° | 474° 
Sun’s radiation cal. per cm? per 


0.533} 0.900} 1.233) 1.358) 1.413 


Sun’s radiation on horizontal sur- 
face cal. per cm* per min.| 0.046) 0.233) 0.524! 0.780) 1.041 
Mean radiation 
Sky | 4231 403} 38s] 365] 346 
Sun 
Mean radiation of sky on hori-| 
zontal surfaces 





me | 
SKY ¥- 108, Sun Normal 115, 132} 142) 150; 156, 163 
Sun 
Mean sky on normal. Calories per | | 

sq. degreeX10", percm*permin.| 101} 163} 213] 222) 219) 219) 211 
Total sky on horizontal. Cal. per 
0.056; 0.110) 0.162) 0.189) 0.205! 0.226/0.240 


Total Sun and sky on horizontal. | 
Cal. per cas? per min 0.102| 0.343, 0.686| 0.969] 1.246] 1.581|1.747 











Relative to the night sky illumination the following is adapted 
from a review in the Monthly Weather Review by Woolard.” 

The light received from a given area of the night sky is made 
up of (1) star-light, (2) scattered star-light, and (3) earth-light 
the last including all light not due to the stars. Above 40° galactic 
latitude the star-light is a relatively smal] percentage of the whole 
and can be computed from star counts; the ¢otal light received 
from any area may be photometrically measured. Van Rhijn™ 
shows that there is a kind of zodiacal light extending over the 
whole sky, the intensity depending upon the celestial latitude 
and longitude. By finding the excess of this zodiacal brightness 
over its mean value for each part of the sky and applying a corre- 
sponding correction to all the measurements the latter become 
independent of the azimuth; the difference between total observed 
illumination and corrected earth-light gives the star-light, even 
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for galactic regions. The earth-light corrected for the zodiacal 
illumination consists of direct earth-light and scattered earth- 
light; applying a correction for the latter the earth-light is found 
to increase towards the horizon, indicating illumination due to a 
permanent aurora.” The total light received from all the stars 
in both hemispheres is equal to 1,440 stars of magnitude 1.0, 
Chapman has obtained by a very different process 900 to 1,000 for 
this figure. Rayleigh finds the night sky yellower than the day 
sky. Burns gives the following summary of the determinations of 
the brightness of the night sky;* 


TABLE 5 








Author Reference Brightness* 





Newcomb! Astrophysical Journal, 14, p. 279, 


TS 6 einisenwes ee Ibid., 16, p. 166, 1902 
Pub. Ast. Soc. of Pacific, 15, p. 13, 
Comptes rendus, 150, p. 272, 1910. 
Gron, Publ., 22 
Astronomical Journal, 27, p. 20, 


Sc iccdu cen da Astrophysical Journal, 50, p. 347, 








Mean value 





* Amount of light per square degree of non-galactic sky expressed in terms of 
light of star of first magnitude. 

1 Net claimed to be precise. 

? Unfavorable locality. 

+ 4 photographic and therefore would differ from visual values. 

5 & 7 Yntema’s method. 

* Special photometer. 


POLARIZATION OF SKY-LIGHT 


The work done with the polarization of sky light consists 
mostly of more or less systematic observations of its amount and 
characteristics. The two principal observers have been Dr. 
Dorno at Davos* and Professor Kimball at the Mount Weather 
Observatory.” Dorno has mapped the polarization characteristic 
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for the whole sky systematically for various seasons and condi- 
tions. 


THEORETICAL 


King” and subsequently the author by somewhat refined 
methods (* ") showed that atmospheric transmission coefficients 
for radiation, when corrected for the scattering caused by dust 
and aqueous vapor, yielded through Rayleigh’s formula a value 
for the number of molecules per cm‘ of air at standard tempera- 
ture and pressure, namely, 2.72 X10,'® which corresponds very 
closely with Millikan’s selected value, 2.70510.'° The close 
agreement of the two values may be taken as proof either of 
Rayleigh’s formula or of the accuracy of the estimation of the 
losses of the sun’s energy in passing through the atmosphere. 

In yet another direction the polarization of scattered light has 
led to estimates of molecular quantities. For perfect polarization 
of the scattered light a symmetrical spherical molecule is postu- 
lated. It has been found, however, that there is a measurable 
defect from perfect polarization which varies with different gases 
as shown in Table 6: * * * 


TABLE 6 








Defect from Perfect Defect from Per- 
Polarization fect Polarization 





Per Cent Per Cent 
6. i 0.5 
3.83 re 9.4 
4.06 11.7 
5.00 15.4 














Helium therefore polarizes the most completely of all the gases 
studied and so far as this evidence goes, is the most perfectly 
spherical of molecules known. 

Rayleigh finds that liquid ether scatters seven times less than 
the equal weight of vapor*’ which is in line with what the author 
found for water vapor compared with liquid water.* " 
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Gans has carried the investigation one step further and deter- 
mined the assymetry of gas molecules through this defect of polari- 
zation. His formula is double-valued and leads to two values of 
the ratio of the polar to the equatorial axes, a/b as given in Table 7. 
a is the mean diameter of the molecule. The first five values are 
from measures by Gans, the rest by Strutt.*® 


TABLE 7 








a/b 





cm 


2 





.78 | 0.44 
45 | .63 
~ eo 
mY OS 
10 .28 
a oe 
10 28 
10 | .28 
68 48 
68 48 
47 62 
47 62 
45 63 
33 71 
43 63 
33 71 


.95 
52 
62 
.50 
21 
.62 
15 
62 
.00 
97 
59 
50 
57 
12 
05 
47 














NHR NHR BSB HH DH WS NR ee 





POR PON ENE NNN 
SRRESKSRSSSSRSSES 


2. 
= 
1. 
2. 
3 
3 
2.: 
a, 
1. 
2. 














It should be noted, however, that Rayleigh* calls attention to 
later measures on He which leads him to conclude that it polarizes 
more completely than the majority of gases so that it is the most 
completely spherical of all the observed gases as already stated 
and not as elongated as this last table indicates. 
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NOTE ON MR. F. E. WRIGHT’S ARTICLE FOR 
DETERMINING PRISM ANGLE ERRORS 


BY 
Wa ter F. C. Fercuson 


In Mr. Wright’s article, published in this Journal,’ the writer 
finds in the curves for determining deviations caused by a Dove 
erecting prism with incorrect axial angles, a difference from simi- 
lar curves which he had previously constructed for the same 
purpose. 

It is well known that an erecting prism can be made with base 
angles other than 45°; and if the base angles are equal, the prism 
will function correctly, the only difference being in the aperture 
ratio of the prism: length / height.? Translated into Mr. Wright’s 
notation this means that equal changes in s and ¢ will produce 
zero deviation of the emergent from the path of the incident ray. 

Therefore the writer would reconstruct the diagonals; so that 
values of s will fall on equal values of t, corresponding to zero 


deviation, d. 
3 
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1 March, 1921, p. 200. 
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INVARIANT RATIOS AND FUNCTIONS IN GLASS 
DISPERSION 


BY 
P. G. NuTTiInc 


Designers of optical systems have for years been familiar with 
the fact that the ratios of any two partial disfusions is approxi- 
mately the same constant for all optical glasses and have made 
use of the fact in selecting and ordering glasses. 

Dr. F. E. Wright! has recently made a careful study of these 
dispersion relations, plotting various partial dispersions against 
each other for practically all glasses (nearly 300 in all) for which 
data are available. His plotted curves are all straight lines upon 
which the data for all known glasses fall very closely. These 
straight lines do not however, quite pass through the origin nor 
through any other point in common. In other words, any partial 
dispersion such as »,—m, is sensibly a linear function of any other 
partial dispersion such as m,—m,-, but the ratio of the two is not 
quite invariant for all glasses. 

Considerable interest has been aroused in this apparently sig- 
nificant and, at first sight, rather remarkable relation between 
refractive index and wave-length. The opinion appears to prevail 
that it indicates some unique dispersion function to which the 
many heretofore advanced are mere approximations. A critical 
mathematical examination shows, however, that this deduction 
is not justified. 

By way of introduction, consider first a simple linear function of 
x and y say 
(1) y=ax+b 
in which a and b are variable parameters. This represents a 
double infinity of straight lines. Ordinates erected at any four 
fixed points on the x axis, say x; x2 x; and 24, intersect all lines of 
both systems in the points y,;=ax,+5, y2=etc. Now by eliminat- 


1 Jour. Opt. Soc. Am. 4, pp. 148-159, and 5, pp. 389-397, 1921. 
109 
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ing the variable parameters, an expression is obtained which is 
invariant for all lines of both systems, namely; 


(2) mo 


* =constant 
Vs—Va X3—X 

Of the four points chosen, of course any two may be coincident. 
The second member of (2) would still be invariant and the elimina- 
tion of a and b be unaffected if x in (1) were given any exponent. 
However it is evident that the dependent variable y must be of 
the first degree and must not occur with x as a product. The 
most general form of function which will satisfy (2) appears to be 
that in which y is any explicit linear function of any function of x 
not involving parameters, or 
(3) y=a f(x)+b 
in which f(x) involves only numerical constants. This is certainly 
a sufficient and I believe a necessary condition for giving the 
invariant ratio of ordinate differences (2). It obviously covers a 
wide variety of functions and even classes of functions. 

The application of these results to dispersion theory is simply a 
matter of translation. If refractive index m is a function of wave- 
length A such that 





ni—n 
(4) ——-— =constant =c, 
N3—Ns 


it is necessary and sufficient that the form of the dispersion func- 
tion fall within the limitations 
(5) n=a f(r) +b 
in which, as in (3), f(A) involves only numerical constants while a 
and b vary from glass to glass. The limitations imposed by (4) 
and (5) of course fail to exclude many forms of dispersion func- 
tions which do not fit data at all. 

Now Dr. Wright finds (l.c.) that (4) is not sufficiently general 
to fit known glass data but that 
(6) N,—N2=C(n3—ny) +k 
holds very exactly for any fixed set of four wave-lengths. The 
added constant k, although small (.0002 to .0008 and either 
positive or negative), is a very definite quantity and by no means 
to be regarded as merely a second order term giving a closer 
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approximation. The reason for this finite value of & is not appar- 
ent for the Cauchy and other dispersion formulas known to fit 
glass dispersion data quite well fall within class (5) and satisfy 
(4) and therefore imply k =o. 

The limitations set by (6) are broader even than those set by 
(4) unless perchance a direct functional relation exists between 
c and k. The most general relation between index and wave- 
length found by the writer to satisfy (6) is 
(7) n=a f(\)+b+F(a) 
and this is believed to be both sufficient and necessary for the 
existence of (6). In (7) both f(A) and F(A) are unlimited except 
each must involve only numerical constants. Any function which 
will satisfy (6) will of course satisfy (4), but the converse is not 
true. 

Hence while such a simple relation as (4) or the more exact 
relation (6) may be useful in such practical work as mixing glass 
batches and selecting glasses for lens systems, they cannot be 
regarded as indicating any specific dispersion formula or even 
as setting any but very wide limitations on such functions in 
general. 


Dec, 11, 1921. 





THE PROPAGATION OF LIGHT IN ROTATING SYSTEMS 


BY 
A. C. Lunn 

Some parts of the recent paper on this subject by Silberstein' 
seem to call for comment, partly because of certain features of 
obscurity or incompleteness, partly because of certain statements 
whose justice is at least not made clear. In particular may be 
questioned what seems to be the main conclusion, according to 
which ether theory is better prepared than relativity theory to 
adjust itself to a conceivable outcome of Michelson’s pending 
experiment different from the expected. A few minor items may 
be noticed first, but the following notes refer chiefly to what 
appears to be the main topic of the paper referred to, a comparison 
of ether and relativity theories as to their inferences concerning 
the influence of rotation on optical phenomena. 

The suggestion, page 291, that a specification of rotation with 
respect to some such frame of reference as the fixed stars is neces- 
sary also in the relativity theory, “in spite of appearances to.the 
contrary,” may be granted readily, but one is left to wonder what 
those appearances are. Avoidance of reference to a hypothetical 
set of absolute directions, one natural aim of a theory of relative 
motion, does not imply rejection of the notion of an angular 
velocity uniquely determinable with reference to an observable 
system of bodies. The difficulties connected with the interpreta- 
tion of the earth’s rotation under the generalized theory of Ein- 
stein are well known, but there seems to be no known reason why 
they cannot be ascribed entirely to the insufficiency of data 
regarding the distribution and motion of cosmic matter. A fair 
analogy may be found in the case of the general translatory motion 
of the solar system with respect to the proper motion stars, or the 
radial velocity stars, this motion being not determinable from 
Newtonian theory nor yet in conflict with it. 

Similarly, the later remark, pages 301-302, that the relativity 
theory proved unable to “deduce the terrestrial ds as a gravita- 


1 Silberstein, J. Orr. Soc. Aat., 5, p. 291-307, 1921. 
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tional effect of the stars . . . ,” does not really point out what 
can be called a flaw in that theory. When a theory is embodied 
primarily in differential equations an incomplete knowledge of 
the suitable values to be assigned to the constants of integration 
is a deficiency in experimental material rather than in the theory. 

In this same connection, the reference, page 304, to Thirring’s 
solution for the gravitational field of a rotating body as a “com- 
plete failure” seems rather extreme. Thirring’s solution is avow- 
edly only an approximation, the exact solution being presumably 
a difficult matter even if the proper boundary conditions were not 
uncertain. The apparent strangeness of some of Thirring’s 
results might be reduced by knowledge of a more precise solution. 
One may be reminded here of some of the early results in celestial 
mechanics for the values of certain apparently secular variations, 
which other theories were able to interpret as first approximations 
to oscillatory variations. At least it seems wiser not to prejudge 
a theory too firmly in connection with problems where its infer- 
ences are not yet definitive. 

The remarks at the foot of page 302 concerning the limitations 
of special relativity are substantially untrue, and seem to be a 
recrudescence of a mere misconception that formerly had some 
currency. That theory can use other than inertial frames of refer- 
ence just as freely as Newtonian mechanics can use rotating axes, 
by a suitable transformation of variables, and is certainly not 
“wholly incompetent” to deal with optical problems in rotating 
systems. 

The rule, page 295, regarding convexity of light rays to the left 
of a person walking in the direction of propagation is to be under- 
‘stood as for the northern hemisphere only, and opposite in the 
southern. If the intent of the text is equivalent to this the foot- 
note should have “counter-clockwise.” As Silberstein in effect 
points out the curvature is so tiny as to be a mere curiosity of 
theory. But an indication may be added that the negligibility 
of this curvature has an important bearing on the feasibility of 
sufficient accuracy in the construction of Michelson’s optical 
circuit, with reference in this connection to the illustrative diagram 
on page 300. 
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The telescope supplies a single beam for incidence on the part- 
ing plate; if the transmitted and reflected portions start along the 
sides of the straight-line triangle and swerve as understood, the 
other corners of the concave triangle will touch the mirrors below 
the points B and C, those of the convex triangle above those 
points, so that the figure will be more like Fig. 1, corresponding 
to the case where the finally emergent pencils are parallel. 








Fis. 1 


This is of course merely one ideal arrangement for reference, but 
departures from it must be understood to be at least partly under 
instrumental control in.order to provide for observable fringes of 
suitable width. In general, therefore, it appears that the oppo- 
sitely travelling beams would be reflected at somewhat different 
portions of the mirrors. While the differences of path thereby 
introduced are of the first order individually for the successive 
sides of the circuit, the first order sum is zero because the angles 
of incidence and reflection are equal to a corresponding approxima- 
tion. For a circuit of any polygon form in fact this modification 
does not imply any change in the first order formula for the shift 
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of fringes, but if the swerving were large enough to involve a 
perceptible portion of the aperture of the beam, so that the two 
pencils would be reflected at somewhat different portions of the 
mirror faces, the location of the fringes might be affected by the 
errors of the optical surfaces and non-homogeneity of intervening 
medium in a way more difficult to allow for than would be the 
case where a test by reversal were possible. Actually, however, 
even with distances of several kilometers the shift along the 
mirror face is a small part of a wave-length. There appears thus 
to be no practical error involved in the use of the rectilinear 
diagram. 

In the formula for the line-element, page 303, there is an unno- 
ticed change of notation, in that the letter r, previously denoting 
a radius in spherical coordinates becomes here the symbol for a 
radius in cylindrical coordinates. Since the meaning and relation 
of these two types of coordinates stands in need of definition 
when the gravitational curvatures are introduced, the foot-note 
on page 306 wants explanation, to show in what sense it can be 
considered true that the only modification needed is the additive 
term mentioned. This is not important for the main discussion 
since it is agreed that the gravitational terms, including doubtless 
those due to the rotation of the central mass, are here of insensible 
magnitude. But it should be noticed that neglecting these terms 
is equivalent to reducing the general to the special relativity, in 
spite of the adverse remarks on the latter previously referred to. 
In other words, the characteristic differences in relevant physical 
content between Einstein’s restricted and extended theories 
are practically evanescent to the degree of approximation needed 
for this problem; so that the treatment of optical problems by 
the method of null geodesics reduces to the elementary case of 
isotropic rectilinear propagation with respect to a suitable frame 
of reference, this feature being common to special relativity and to 
the better developed ether theories. 

Moreover, the omission of terms of higher degree in the velocity, 
again quite sufficient for the purpose, masks the chief features of 
contrast between the special relativity and such ether theories as 
are developed without such features as the contraction-factor. 
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In fact, it is well understood that the Lorentz-Larmor theory, 
by postulation of the contraction as an effect of motion through 
the ether, becomes in effect exactly equivalent physically to Ein- 
stein’s theory over a wide range of phenomena. 

For reasons such as these it is apparent that the theories in 
question are nearly equivalent for the treatment of the problem 
in hand. It seems to the writer that if the ether theories have 
any advantage over Einstein’s it is likely to lie primarily in two 
remaining features that still need examination. First, it may be 
imagined that a theory like Fresnel’s or Lorentz’, while retaining 
the notion of a stagnant or rigid ether at least for certain limited 
regions, might have the greater freedom of choice of the frame of 
reference with respect to which it is so defined; this seems to be 
Silberstein’s idea, when he uses the fractional factor k for the ether 
case but allows it to be only unity for Einstein’s. Second, the 
notion of a non-rigid streaming or quasi-fluid ether, possibly even 
with vortex motion, may seem to offer greater adaptability than 
relativity allows. 

In connection with the first point it is convenient to amplify 
Silberstein’s notation because of ambiguity in the meaning of 
his S*, which is said to represent the stellar or other inertial 
frame; although the partly dragged ether, with fractional coeffi- 
cient undetermined, is taken to be isotropic in it. This usage 
seems to blur a distinction intended to be made, since it is prob- 
ably not meant that a rotating ether should necessarily be an 
inertial frame in the sense of mechanics. 

To indicate distinctions corresponding to rotation only, sup- 
pose, then, that S* is the stellar frame, S' an inertial frame for 
either Newtonian or Einstein mechanics since a distinction be- 
tween these is not needed here, S* the frame of isotropism of an 
ether supposed rigid in the neighborhood of the terrestrial experi- 
ment, and S the frame of the rotating earth. It will doubtless 
be agreed that in purely terrestrial experiments, for most mechan- 
ical and probably all optical tests hitherto, the distinction between 
these is obscured and indifferent; because the differential accelera- 
tions due to rotation are masked by the effects of inevitable 
disturbances, and because the rotational velocity is so small com- 
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pared with the velocity of light. But the deviation of falling 
bodies speaks for some such distinction and the Foucault pendu- 
lum and gyroscope are commonly taken to indicate that Si is 
much nearer to S* than to S, though probably not yet with pre- 
cision enough to distinguish surely even between siderial and 
mean solar day. The Michelson experiment seems to be the first 
real test of the corresponding optical comparison concerning S°. 

Since all these experiments could be performed even if the sky 
were always clouded everywhere, it seems in a way more suitable 
to say that these special dynamical tests point to the difference 
between S' and S, while the optical test is needed to relate the S* 
to the others, with precision enough to make a distinction between 
them. There are some advantages in this more limited formula- 
tion, independent of reference to cosmic phenomena, but the 
astronomical relations of the problem are clearly vital for a com- 
prehensive theory. 

Although diurnal aberration is not directly known, there are in 
the mode of reduction employed on astronomical observations 
certain inherent assumptions corresponding to the notion, that 
if extrapolated as a rigid system to cosmic distances the S* would 
fit S*. Then the planetary motions are to high prec’s‘on con- 
sistent with the coincidence of S' and S*. But with the su; posi- 
tion of a cosmic S* in rotation with respect to S* there would 
even be need of inquiry as to the precise meaning of the latter, 
especially if its determination were understood to include dynami- 
cal relations. The notion of a rotational drag extending far out 
from the surface of the earth would evidently carry with it the 
need for elaborate re-examination of astronomical observations. 

A hypothesis more likely to be entertained is that there could 
be an ether practically rigid locally and partaking to some extent 
in the rotation of the earth but connected with a cosmic ether 
stagnant in S* by a transitional portion where a sort of fluidity 
would need to be assumed, and where not even a locally rigid 
S¢ would exist. The varied suppositions that are naturally sug- 
gested are, however, special cases of a theory where for no portion 
of the medium is rigidity initially assumed. Some use of the idea 
of fluidity seems to be difficult to escape if any rotational drag is 
observed. 
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Now it may be asked whether the possibility of a full-fledged 
theory of a non-rigid ether is at present more than an article of 
faith. Perhaps an adaptation of the Heaviside-Hertz or Lorentz 
equations for moving bodies could be made to serve as embodi- 
ment of it. But the-perplexities that greeted the Stokes theory 
of aberration in a medium with pure streaming motion are famil- 
iar, and there are worse when vortical motion is included. The 
pending optical experiment, because of the circuital optical path, 
may in fact be said to be adapted to yield primarily a measure of 
the difference in curl between the earth’s rotation and the ether 
motion, as measured in the frame of reference used in describing 
the rotation. Moreover, the determination of optical paths by 
Huyghens’ principle is at best but kinematic, and does not imply 
the attainment of an ether theory competent to follow the waves 
with detailed reference also to amplitude and polarization. But 
granting that such a theory can be made, and for illustration 
understanding it to be a modified form of Fresnel’s or Lorentz’, 
one may still ask whether the theory of relativity could not make 
a corresponding adaptation within itself. Confidence in such a 
possibility is certainly encouraged by the previous succe$s of 
Einstein’s theory in absorbing the salient content of earlier 
theories with only such changes as are permitted by the experi- 
mental data. It is quite conceivable that this theory could expect 
to find such adapting changes possible in the field-equations, of 
any ether theory at least whose success is connected with terms of 
orders zero and one in the velocities. But for the present discus- 
sion it may suffice to point out the basic feature involved. 

The theory of Einstein is like all physical theories using the 
concepts of space and time, in that it includes a kind of geometry, 
supplemented by a system of physical notions and postulates 
which can be developed in harmony with the geometry but which 
are by no means uniquely determined by any logical considerations 
alone. It is largely these postulates which are in question in con- 
nection with any experimental tests, and they can be changed 
in detail without destroying the main structure, just as an ether 
theory could introduce the notion of a locally non-rigid medium. 
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In the present instance it may be noticed that the postulate 
primarily concerned is at least as old as modern science, and is 
very deeply involved in Newtonian astronomy. Its perpetuation 
in suitable form by Einstein is natural, not because it is inevitable 
but because there has hitherto been no reason at hand for prefer- 
ring something different and presumably more complicated. In 
primitive form this postulate may be roughly said to assert that 
the straight lines of metric geometry are dynamically and opti- 
cally straight. Two centuries of celestial mechanics exhibit the 
remarkable success of this hypothetical identification, in connec- 
tion with astronomical triangulations and the relation of Newton’s 
first law to planetary motions. In Einstein’s theory, using a com- 
bination geometry of space and time measurements, and extended 
in the generalized theory by introduction of the curvatures of 
the manifold, it is taken as a characteristic of void spaces that the 
optical geodesics are the null-lines of the dynamical geodesic 
system and that these are defined by the vanishing variation of 
the integral space-time separation. This postulate could certainly 
be changed in various ways if need be, without departing from 
the natural criteria of a genuine theory of relativity. If the 
dynamical and optical world-lines of reference do not coincide, 
their relation has a physical meaning and is a matter of at least 
partial experimental test, the results of which could be described 
“covariantively” or impartially, as demanded by such a theory. 

This assumed coincidence of reference-lines of two-fold aspect 
is reflected in the absence of any new arbitrary constant in the 
computed values of ray-curvature and motion of Mercury’s 
perihelion. The verification of these values suggests that no 
change in the theory is likely to be required for void spaces. But 
possibly in the immediate neighborhood of rotating masses, 
whose theory is still incomplete, and certainly for spaces not void 
of matter, as the writer expects to show in detail at another oppor- 
tunity, the Einstein geometry furnishes material for some freedom 
of choice in modifying the analogous form of the postulate 
referred to, in such fashion as to fit with the original form of the 
theory in regions where the tensor of matter is assumed to vanish. 
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To make the corresponding adaptation of the wave-equations is 
much the same problem as in the theory of a fluid ether. 

The theory of Michelson’s apparatus, where source, mirrors 
and observing instrument alike rotate, may need further study 
before the interpretation becomes convincing. But it is clearly 
premature to conclude that any one of the theories is incapable 
of adapting itself to the result. 

A related suggestion may be hazarded. The absence of dynami- 
cal symptoms of uniform translation was found to be paralleled 
by absence of optical and electrical symptoms. The presence of 
dynamical symptoms of rotation is natural reason for expecting 
positive optical analogues. But a value for the rotation, less than 
the expected but not zero, seems quite plausible, in view of the 
possibility of a region where the portion of ether in rotation merges 
outwardly into quiescent regions, and this transition part may 
extend into the body of the earth. The Einstein theory of rotating 
masses when suitably developed may furnish an analogue, where 
the internal dynamical-optical geometry merges into that of the 
external void. The corresponding suggestion is that the angular 


velocity revealed by Foucault pendulum and gyroscope may, not 
be the siderial value, and might possibly be found to vary with 
the depth if the experiments could be performed in cavities deep 
down within the mass. These dynamical experiments also seem 
to offer renewed interest. 


Tue University or Cuicaco, 
NovemsBer 17, 1921. 





OBSERVATIONS ON THE RARE EARTHS, XI: THE ARC 
SPECTRUM OF YTTRIUM! 
BY 
L, F. YnTeMa wits B. S. Hopxins 

During the progress of the work on the rare earth group of 
elements at the University of Illinois, several members of the 
group have been separated in a high state of purity and their 
atomic weights determined. This present investigation is a part 
of a plan that comprises the spectroscopic examination of a 
number of those elements in order to establish standards of purity 
that can be employed in future work on the separation of the 
members of the group. 

The emission spectrum of yttrium has been studied by a num- 
ber of workers. Values have been published by Kayser,’ Eber- 
hard,? and Exner and Haschek.* The latest, and probably the best 
determinations are those of Eder,’ which were made on yttrium 
material prepared by Auer v. Welsbach. They are included in the 
following table. 


The yttrium examined was a portion of that prepared by the 
one of us and co-workers for the determination of the atomic 
weight value that has lately been accepted by the International 
Committee on Atomic Weights. The only known impurity was 
0.005 per cent or less of holmium,—an estimate made by compar- 
ing the intensity of the absorption spectrum with standard solu- 
tions. 


The spectrograph used is an autocollimating quartz prism 
machine constructed by Adam Hilger of London. Its dispersion 
increases from 17.5 angstroms per millimeter at 4500A° to 1.5 
angstroms per millimeter at 2200 A°. 


1 Submitted by L. F. Yntema to the Graduate School of the University of Illinois 
in partial fulfillment of the requirements for the degree of Doctor of Philosophy. 
Contribution from the Chemical Laboratory of the University of Illinois. 

? K6nigl. preuss. Akad. d. Wiss., Berlin, 1903. 

3 Zeitschr. f. wiss. Photogr., 7, p. 245, 1909. 

* “Die Spektren der Elemente bei normalem Druck, II,” Leipzig und Wien, 1911. 

5 Sitzber, K. Akad: wiss., Wien, IIa, 125, p. 471. 

* J. Amer. Chem. Soc., 42, p. 327, 1920; Ibid., 41, p. 718, 1919. Ibid., 38, p. 2332, 
1916, 
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The iron spectrum was employed as reference.’ A bar of pure 
iron for this purpose was kindly furnished by the Westinghouse 
Electric and Manufacturing Company of East Pittsburg, Penn- 
sylvania. Copper electrodes, as carriers for the yttrium oxide, 
were found to be preferable to the graphite generally employed, 
because the copper arc is steadier and the electrodes do not burn 
away as rapidly. Furthermore, a regulus of yttrium oxide in the 
molten copper is formed and mechanical loss is avoided.® 

A direct current of four or five amperes at an E.M.F. of 220 
volts was used.® 

Seed plates, No. 23, size 4’”’ by 10’’, were used and hydrochinone 
was used as a developer. The negative plates were measured ona 
dividing engine, made by Adam Hilger of London, which is gradu- 
ated to read to 0.001 millimeter. 

The wave-lengths in International Angstrom units, were cal- 
culated by Hartmann’s dispersion formula.’® 


A=) : 


R—R, 
The mean of the determinations from at least four plates was 


taken. 

The results are given in the following table. The first column 
gives the wave-lengths as measured in International Angstroms. 
The second column indicates the intensity and character of each 
line, the most prominent lines being assigned an intensity “‘10” 
and the faintest lines an intensity “1.” The character or appear- 
ance of a line is ind‘cated by letters that have the following signifi- 
cance: 

d =diffuse 

v=shaded to violet 

R=reversed 

BR=head of a band toward red 

The column headed “Notes” contains other elements having 
lines that coincide closely with yttrium lines of lower order of 


7 Handbuch der Spectroscopie, VI. Band, H. Kayser. 
* Pfund, Astrophy. Jour. 27, p. 296, 1908, 

® Astrophy. Jour. 39, p. 93, 1914. 

” Astrophy. Jour. 8%, p. 218, 1898, 
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intensity. These elements were probably present as impurities 
in the material examined. 


Intensity and Character of Spectral Lines of Yttrium 
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2647 .74 
2671.20 
2672 .08 
2681.65 
2684 . 20 
2694.21 





2705 .85 
2710.15 
2719.99 
2723.00 
2730.06 
2733.93 
2734.85 
2742.55 
2749 .23 
2750.20 
2755.79 


= 





2791.20 
(2795 . 53) 


(2802 .73) 
2807 .66 
2813 .66 
2818 . 87 
2822 . 56 
2823.55 


2826.33 
2834.42 
2835 .78 


(2852.11) 
2854.42 
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Yntema and Hopkins I Eder I Notes 
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* The values given by Kayser and others agree with those found by the authors. 
It is suggested that the discrepancies may be due to clerical errors. 


The impurities found to be present in the yttrium material were 
the rare earth elements, holmium, erbium, and dysprosium, 
besides magnesium, and silicon. The presence of the rare earths 
is to be expected in small amounts. The order of increasing solu- 
bility of the bromates, which were used for the first step in the 
purification of the yttrium, is as follows:— 


Dy, Ho, Y, Er 
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The final purification was accomplished by methods depending 
on diffe-ences in basicity. The order of decreasing basicity is as 
follows :— . 

Y, Dy, Ho, Er 


Complete separation of yttrium from its less basic neighbors is 
hardly possible, but the separation was so nearly complete that 
their most prominent lines were found to be of the faintest order 
in the spectrograms obtained. 

The solution, from which the yttrium was precipitated as oxa- 
late, had stood in Jena glass for some time; the silicon and possibly 
the magnesium were introduced by solution of the glass. 

Attention may be called to the fact that the yttrium material 
examined has a few lines in common with the eurosamarium of 
Eder." Lines 4309.65 A°, 4174.16A°, and 3950.35A° are promi- 
nent yttrium lines and they are reported as faint lines of eurosa- 
marium. Other prominent yttrium lines, however, were not found 
by Eder in eurosamarium. There are several instances of coinci- 
dence of rather faint lines, such as those at 4090.45 A° and 3129.96 
A°, but these are probably accidental. It must be conclyded 


that Eder’s material contained no more than a very small per 
cent of yttrium. 

It may, also, be noted that Kayser,” reports two lines, 
5205 .72A°, and 5200.41A°, as yttrium lines of intensity 6, while 
they are reported by Eder as eurosamarium lines of intensity 10. 


Urpana, ILL. 
June 1, 1921. 


n’Sitz. K. Akad. Wiss., Wien. 126, Ila (1917), 473. 
2 Loc. cit. 





1921 REPORT OF COMMITTEE ON STANDARD 
WAVE-LENGTHS 
BY 
W. F. Meccers (Chairman) 
I. Prrmary STANDARD 

In the 1920 report of this committee the subject of Standard 
Wave-Lengths' was reviewed from its beginning and brought up 
to date. Notice was taken of some dissatisfaction with the 
primary standard, the red radiation of cadmium (6438 .4696 A). 
The limitations of a cadmium vapor lamp for routine measure- 
ments are appreciated by all who have made determinations of 
secondary standards and a more convenient working standard 
is no doubt desirable. To this end the following suggestions are 
made. The high homogeneity and exact reproducibility of the 
red radiation of cadmium together with the fact that it is evaluated 
in terms of the meter to an accuracy of probably one part in 10 
million recommend its permanent retention as the Primary 
Standard. Since most sources of secondary standards give lines 
of lesser homogeneity the accuracy of their wave-length deter- 
minations cannot exceed a part in two or three millions. For 
practical purposes, therefore, a more convenient working standard 
may be defined as equivalent to the Primary Standard and the 
mean value of 8 lines of about equal intensity in the neon spectrum 
between 5881 and 6382 A is suggested as a suitable auxiliary Pri- 
mary Standard which may be substituted for the cadmium line 
in most cases. The following values are recommended: 

5881 .895 6143 .062 


5944. 834 6266 .495 


6074 . 338 6334.428 
6096 . 163 6382 .991 


These neon lines? have been compared directly with the funda- 
mental standard and their wave-lengths are probably correct to 
one part in about six million. They are satisfactorily distributed 


1 Jour. Opt. Soc. Am., 5, p. 308; 1921. 
* B. S. Bulletin 14, p, 765; 1918. 
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in the spectrum, being separable with a single prism spectrograph 
but at the same time included in a small enough interval so that 
the dispersion of phase in interferometer reflections is negligible. 
The probable error in a measured length based upon the mean 
of 8 values is no doubt less than when depending on a single line 
and furthermore the use of a group of neon lines permits the deter- 
mination of the exact order of interference, or the optical measure- 
ment of length to be made easily and rapidly.2. The neon lines 
are readily obtained with great intensity from Plucker tubes, 
can easily be observed either visually or photographically, and are 
capable of showing interference with a retardation of more than 
300 000 waves. They have been used successfully in the calibra- 
tion of end standards‘ and in ruling line standards with a tested 
accuracy of one part,in two or more million. 


II. SECONDARY STANDARDS 
The following wave-lengths from the spectrum of low pressure 
cadmium vapor have been measured? in terms of the wave-length 
of the Primary Standard (6438.4696 A) and are recommended 
as additional secondary standards which qualify in respect to 


sharpness and accuracy in relative value. 


TABLE 1.—Wave-Lengths in the Spectrum of Cadmium 
2980 .622 3610. 5098 
3080 . 827 3612 .8748 


3133. 167 4662 .3525 
3252 .5248 4678. 1504 


3403 .6529 4799 .9139 

3466. 2010 5085 .8230 

3467 .656 
Frequency differences among the lines which belong to corre- 
sponding members of subordinate series are constant to one part 
in several millions when derived from the above measurements. 
The entire range of these differences is the same order of magni- 
tude as the probable error in the wave-length comparisons. 

More determinations of secondary standards, éspecially in the 

spectra of the inert gases, are desirable, but none have been pub- 
lished since those appearing in the 1920 report of this committee. 


7B. S. Bulletin 12, p. 203; 1915. 
* B.S. Bulletin, Forthcoming Scientific Paper by C. G. Peters. 
* B.S. Bulletin, Forthcoming B. S. Sci. Paper, by Meggers and Burns. 
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The greatest need of International Secondary Standards of 
wave-length lies in extending the system to longer and to shorter 
waves. A fairly homogeneous and satisfactory system of second- 
ary standards now exists for the visible spectrum and for a portion 
of the adjacent ultra-violet. Accurate values are scarce for the 
infra-red and there are none at all for wave-lengths in the extreme 
ultra-violet and Schumann regions. The theoretical importance 
of these shorter waves is ever increasing and in recent years a 
large number of investigators have added much to spectroscopy 
of the Schumann region, which has apparently been extended so 
that no gap remains between the so-called optical and X-ray 
spectra. The wave-length measurements of different observers 
are often in disagreement by one or 2 Angstrom units compared 
with the accuracy of 0.001 A striven for in the region of longer 
waves where Internat’onal Secondary Standards now exist. 
With an interferometer of fluorite plates operated in a vacuum 
spectrograph the system of secondary standards may perhaps 
be extended to wave-lengths of 1400 A or less. 


ITI. TertTIARy STANDARDS 

Since the 1920 report was prepared an important contribution 
to the subject of tertiary standards of wave-lengths has been 
made by the Mt. Wilson Observatory.® 

Observations were made on a 12 mm, 5 amp “Pfund arc” and 
light was used from a central zone at right angles to the axis of 
the arc not exceeding 114 mm in width. Under these conditions 
the iron arc is said to yield wave lengths which appear to be 
free from the so-called pole-effect. Mean results for 1026 
lines were given including 78 International Secondary standards 
of which 62 stable lines came out as follows: 53 within +0.001, 
8 within +0.002, 2 within +0.003 and 1 within 0.004 A of the 
adopted values; while in the case of 16 lines belonging to group 
cs and d (also showing pressure shift), the International values 
are systematically greater, the mean difference being 0.007 A, 
due to pole effect in the arcs used in the original determinations. 


*St. John and Babcock, Wave-Lengths of lines in the Iron Arc from Grating and 
Interferometer Measures 3370 to 6750, Astroph. J., 53, pp. 260-299; 1921. 
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Another excellent set of measurements of tertiary standards 
was made by Friedrich Miiller,’?’ who used an iron-carbon arc 
which according to St. John and Babcock’ is entirely free from 
pole effect. Overlapping spectral orders were photographed by 
means of a large concave grating spectrograph and the wave 
lengths of 388 selected lines were determined relative to the 
stable Secondary Standards. Except for a gap between 3903 
and 4525 A, these tertiary standards are fairly well distributed 
between 2332 and 5658A. Compared in the range 2413 to 3030 A 
with the standards determined by Fabry and Buisson,’ the values 
found by Miiller average 0.002 A larger from 3030 to 2739 A and 
0.002 A smaller from 2714 to 2413 A. In the green-yellow (4707 
to 5658 A) 14 lines belonging to groups c and d show values which 
in the mean are 0.0065 A smaller in this source than in the inter- 
national iron arc. This confirms the findings of St. John and 
Babcock. Approximately 160 lines were measured with gratings 
both by St. John and Babcock and by Miiller. For these, the 
mean difference is +0.0018 A and the values by Miiller are 
systematically 0.0005 A larger than those by St. John and Bab- 
cock. . ' 

There is not sufficient assurance that any of the wave lengths 
derived from the modified iron arcs are identical with those 
obtained from the arc defined in 1913 as the source of Inter- 
national Secondary Standards, and it is regrettable that neither 
St. John and Babcock nor Miiller tested this by comparing their 
wave lengths with the Primary Standard. If the iron lines are 
not perfectly symmetrical the increase of sharpness in the modified 
arcs may be expected to change the effective value of their wave 
lengths. Careful investigation of this point is desirable. 

The measurements of tertiary standards discussed above were 
made in terms of the so-called stable International Secondary 
Standards and the investigations may be regarded as confirming 
the correctness in relative value of these wave lengths. If the 


7 Miller, Beitrag zur Aufstellung des Systems internationaler Wellenlingen- 
Normalen. Dissertation, Rheinischen Friedrich-Wilhelms-Universitat zu Bonn, 1921. 

* St. John and Babcock, Astroph. J., 46, p. 138; 1917. 

* Fabry and Buisson, Comptes Rendus 144, p. 1155; 1907. 
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values for cs; and d lines in the modified arcs are confirmed by 
another investigator the mean of three independent and concor- 
dant observations may ultimately be adopted as corrections to 
the standards in the cases of iron arc lines which appear to be 
unstable. Secondary Standards of this type should be replaced as 
far as possible by new measurements of stable lines. 


BuREAU OF STANDARDS, 
WasuincrTon, D. C. 





THE GLOSS CHARACTERISTICS OF PHOTOGRAPHIC 
PAPERS* 


BY 
L. A. JONES 


In a systematic study of the characteristics of photographic 
papers a consideration of the surface quality is of great importance. 
The factors most frequently required in the specification of surface 
quality are color, texture, and gloss. The color can be measured 
by the employment of suitable colorimetric methods, the results 
being most conveniently specified by stating the diffuse reflecting 
power, wave-length of the dominant hue, and the saturation. 
These three factors which are necessary for the specification of 
color completely define from the subjective standpoint the quality 
and intensity of the light reflected from the surface. The word 
“texture” is used in referring to the topography of the surface. 
Thus far no simple numerical method of expressing quantitatively 
the texture of the paper has been developed. At the present 
time the texture is best studied by examining the surface under a 
microscope. A magnification of from 10 to 20 diameters has been 
found to be most suitable for this work. Photomicrograms made 
with a fixed magnification and under certain specified and con- 
stant conditions of illumination are found useful in case a per- 
manent record of the texture characteristics is required. The 
third factor mentioned, that is, gloss, is dependent upon the 
geometrical distribution of the light reflected from the surface 
under consideration. 

In general it may be said that of the light reflected from the 
surface of such materials a part is diffusely reflected while the 
remainder is reflected specularly, that is, in accordance with the 
law that the angle of reflection is equal to the angle of incidence. 
Considering surfaces in general, it is found that an infinite number 
of variations in the ratio of specular to diffusely reflected light 

* Communication No. 134 from the Research Laboratory of the Eastman Kodak 


Company. 
140 
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exists, the scale being theoretically limited at one end by a surface 
which reflects all of the incident light according to the law that 
the angle of incidence is equal to the angle of reflection, and at the 
other by a surface which reflects light equally in all directions 
regardless of the angle of incident illumination. The characteris- 
tic of the surface referred to by the words “glossy”’ or “‘glossiness” 
is dependent upon the relation existing between the light which is 
diffusely and regularly reflected from the surface, and it is with 
the measurement and numerical specification of this factor that 
this paper deals. It is customary, at the present time, to desig- 
nate the gloss factor of a photographic paper by the use of such 
descriptive words or terms as “matte,” “‘semi-matte,” “velvet,” 


9, 66 


glossy,” etc. It is evident that the use of the words can only 
approximately specify the gloss quality and it is very desirable for 
the sake of more precise designation to develop a method for 
the numerical specification of this quality. 

The problem of mixed specular and diffuse reflection has been 
treated at considerable length in the reports of the Committee or 
Glare! of the Illuminating Engineering Society. In these reports, 


Dr. P. G. Nutting, who was chairman of the committee at that 
time, presented a very complete mathematical treatment of 
the problem and proposed as a logical specification of gloss the 
ratio of the specular reflecting power to that of diffuse reflecting 
power, the illumination being incident normally and the illuminat- 
ing source of such dimensions as to subtend .01 steradian at the 
surface. In one of the reports considerable data relating to the 
gloss of various papers and to some photographic papers are given. 

Taking advantage of the fact that in the case of mixed specular, 
and diffuse reflection the regularly reflected component is almost 
completely polarized under certain conditions, Professor L. R. 
Ingersoll? has developed a polarization method of measuring 
the gloss factor. In his instrument the conditions of illumination 
both as regards angle and size of source are chosen arbitrarily. 
Under these conditions, the ratio between the intensity of the 
regularly and diffusely reflected components is measured by some 


! Trans. I. E. S., 10, p. 353, 379 and 388, 1915. 
2J. Orr. Soc. Amer. May, p. 213, 1921. 
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type of polarization photometer such as the Martins photometer 
or the Pickering polarimeter. This instrument provides, there- 
fore, an arbitrary scale upon which the gloss values may be 
expressed. 

The term “gloss” is used as descriptive of the subjective im- 
pression received when observing a surface from which light is 
reflected and there is little doubt that the degree of glossiness is 
dependent upon the contrast between the brightness of those 
portions of the surface which are seen by diffusely reflected light 
and those which are seen by regularly reflected light. In other 
words, gloss must be a function of the brightness contrast existing 
between the more or less clearly defined specular images of light 
sources having relatively small angular dimensions and the con- 
tiguous portions of the surface which owe their brightness to 
diffusely reflected light. It seems logical, therefore, that the 
absolute scale of gloss can be established only by measuring this 
brightness under certain specified conditions of illumination and 
observation. 

THE GONI0-PHOTOMETER 

Before deciding upon the conditions under which such measure- 
ments were to be made, it seemed desirable to measure the distri- 
bution of light reflected from the surface under consideration for 
various conditions of illumination. This involved the determina- 
tion of the reflection characteristics of the surfaces for all angles 
of observations and under certain specified conditions of illumina- 
tion. 

For this purpose a special instrument termed, for convenience, 
a “‘gonio-photometer” was designed and constructed. A diagram 
showing the essential parts of this instrument is shown in Fig. 1. 

A heavy cast-iron base, A, supports the arm B, at the end of 
which is carried the photometric apparatus. In order that the 
observer and the photometric equipment might not interfere 
with the illumination of the sample at angles approaching closely 
to the normal, the axis of observation was bent at right angles by 
use of the total reflecting prism C. A portable photometer of the 
illuminometer type was mounted at D, and the small lens E 
placed immediately in front of this photometer permitted the 
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formation of an image of the surface under examination in the 
plane of the photometer cube. In case the texture of the surface 
was such as to interfere with precise photometric settings, this 
lens could be displaced by amounts sufficient to eliminate the 
troublesome surface texture. A rigid bearing F supported by 
the base casting carries a movable arm G on one end of which is 
mounted the lamp house H, while at the other end a counterpoise 
weight J is placed. A holder is provided for the sample at J, 
this is so mounted that it holds the surface of the samples being 
examined in the plane passing through the axis of rotation of the 














’ 
Fic. 1—Diagram showing essential parts of instrument 


arm G. The circular scale plate K is mounted in a fixed position 
relative to base A. A pointer attached to the sample holder 
indicates the angle on the divided circle. By means of a pin M, 
the sample holder can be connected rigidly with the moving arm 
G, so that the plane of the sample will remain perpendicular to the 
incident illumination for all positions, and as the arm G is rotated 
the angle of observation alone varies. This provides for the 
measurement of the surface brightness at various angles of obser- 
vation and fixed direction of illumination. By removing the pin 
M and clamping the sample holder to the base, A, the arm G 
moves independently of the sample, and observations of bright- 
ness at a fixed angle of observation, but with a variable angle 
of incidence, can be made. In the front of the lamp house is 
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mounted a lens O of such focal length that the source S falls at 
its focus. Under such conditions the light incident on the sample 
is approximately parallel. The dimensions of importance are as 
indicated in the figure. It is also so arranged that the lens O 
can be removed and in its place substituted a disk of diffusing 
material such as ground pot opal glass. 

The dimensions are so adjusted that the effective area of this 
diffusing material is just sufficient to subtend an angle of .01 
steradians at the surface of the sample under examination. A 
500-watt Mazda C lamp of the concentrated filament type was 
used as a source of iJluminating the samples. A photograph of the 











Fic. 2—Photograph of Apparatus 


apparatus is shown in Fig. 2. The voltage was precisely controlled 
in order to eliminate variations in brightness due to fluctuations 
in the line voltage. Complete distribution curves of the light 
reflected were obtained from a series of samples with the illumina- 
tion incident on the sample at various angles. 

From a consideration of the way in which the average observer 
adjusts a photograph which he is examining with respect to the 
line of sight and the direction of its illumination, it appears that 
the most favorable and comfortable conditions are obtained when 
the line of sight is normal to the surface of the print and the illumi- 
nation incident at an angle of approximately 45° from the normal. 
Such an adjustment of conditions prevents the observer from 
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being annoyed by specular reflection from the surface in case 
such exists. In a previous paper’ this same condition of illumina- 
tion and observation was adopted as being the most suitable under 
which to measure the photographic densities of prints and of 
sensitometric test strips used in the determination of sensitometric 
constants of such materials. These conditions were chosen as 
representing most closely the average conditions of illumination 
under which photographic prints are observed. 

From a consideration of the distribution curves and also from 
a consideration of the way in which a photographic print is usually 
observed, it was decided that a comparison of the brightness of 
the surface when viewed normally and at the angle of specular 
reflection with the illumination incident at an angle of 45° from 
the normal would give a determination of gloss most nearly in 
accord with the commonly observed value of that factor. 

The diagram in Fig. 3 illustrates the conditions of illumination 
and observation which were adopted for the measurement of 
gloss. The line MN represents the plane of the sample under 
consideration. This is illuminated by a beam of parallel light inci- 
dent in the direction AO. A brightness measurement of the sur- 
face is then made in the direction represented by the line BO 
and this brightness will be designated by the symbol B,. A 
second brightness determination is made in the direction CO and 
this value is designated by the symbol B,. Let the curve KLPR 
represent the complete brightness distribution curve of the sample 
under consideration. It is evident from the shape of this curve 
that the reflection from this sample is of a mixed specular and 
diffuse type. It is evident that the value of B, is a measure of the 
diffuse reflecting power of the sample while the value of B, is a 
measure of the specular plus the diffuse reflecting power of the 
sample. The brightness (B,) due to specular reflection may 
therefore be obtained by subtracting B, from Bz. That is, 
B,=B,—B,. As previously stated, gloss is a function of the 
brightness contrast between the more or less clearly defined 
images of light sources having fairly small angular dimensions 


+R. J. P., 9, p. 22, 38, 1914; and Phot. J. 54, p. 342, 1914. 
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and the contiguous portions of the surfaces which are visible by 
virtue of light diffusely reflected from them. It is very evident 
from a consideration of the values obtained in practice that the 
subjective impression of gloss, or perhaps more properly speaking 
of “glossiness,” is not directly proportional to the contrast value. 
This contrast may, however, be taken as an adequate measure of 





Fic. 3—Ilumination and observation adopt 





the physical stimulus producing the sensation of glossiness. It 
may be convenient to use different terms as representative of the 
physical aspect or stimulus and the subjective aspect or sensation. 
Such a procedure will be analogous to the use of “brightness” 
and “brilliance” in referring to the intensity factor of radiation 
and the subjective sensation resulting from its action on the retina. 
In this case the term brightness is used as descriptive of the physi- 
cal or objective aspect of the stimulus while the term brilliance 
is used in reference to the resulting sensation. 

It is proposed, therefore, to adopt the term “‘gloss” as descrip- 
tive of the stimulus; while the term “glossiness” will be used in 
referring to the subjective sensation produced. The experimental 
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results given in this paper relate almost entirely to the measure- 
ment of gloss, and while some indication has been obtained as 
to the relation existing between the stimulus, that is, gloss, and 
the resulting sensation, glossiness, the data available are entirely 
inadequate for the formulation of a definite physical relation 
between the stimulus and the sensation. The distribution curve 
of a surface having zero gloss is represented by the curve KLSR 
and for such a case B,=B, and B,=O. Gloss (G) may therefore 
be defined by the equation 


On the basis of this definition, the scale of gloss extends from 
zero, for a surface which reflects light equally in other directions, 
that is, one obeying Lambert’s cosine law, to infinity for the 
surface from which the reflection is entirely specular. 

It will be recalled that in the reports of the Committee on 
Glare, (loc. cit.) it was recommended that a source of such dimen- 
sions as to subtend .01 steradians at the sample be used in the 
measurement of gloss. The practical objection to this procedure 
is that under such conditions it is difficult to obtain illumination 
on the sample sufficiently high to give a field brightness in the 
photometer which will result in high precision and absence of 
fatigue in reading the instrument. In order to determine the 
magnitude of the difference in the measured gloss values when 
using this type of illumination and that obtained by using a beam 
of parallel light, a series of measurements were made. A group 
of samples varying from very high to very low gloss were chosen 
and the gloss values of the group determined with both types of 
illumination. The results which will be given in detail later show 
that when illuminated with a collimated beam the gloss values 
ranged from .43 to 24.0, while with a source subtending .01 stera- 
dian the values varied from .36 to 12.4. This indicates that the 
use of collimated illumination provides a more extended gloss 
scale, thus permitting the measurement of smaller differences in 
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gloss than could be measured when the source subtends a larger 
angle. For these reasons, it was considered advisable to specify 
that gloss measurements be made with the sample illuminated 
by parallel light. While it is quite possible to make gloss deter- 
minations by using the gonio-photometer, this requires two in- 
dividual photometric readings one made with the direction of 
observation normal to the surface and one at 45° from the normal. 
Although this method is satisfactory, it is not suitable where a 
very large number of samples are to be examined, nor does it 
afford the precision required for the comparison of samples 
differing but | ttle in gloss. 


Tue GLoss METER 


The best conditions of illumination and observation having 
been determined from an analysis of the results obtained with 
the gonio-photometer, an instrument for the direct measurement 
of gloss was designed and constructed. A schematic diagram 
of this instrument is shown in Fig. 4. 

The light source is placed at the focal point of lens A which is 


a well corrected telescopic objective. The light source used is a 
tungsten lamp having a highly concentrated filament thus ap- 
proaching as closely as possible to a point source. The collimating 
beam is incident upon the sample B at an angle of 45° from 
the normal. The lenses E and F placed respectively on the normal 
to the surface of the sample and on the line at 45° from the normal 
form images of the sample B in the photometer cube K. The focal 
length of these lenses and the distances are such that the images 
are of unit magnification. The mirrors G and H properly placed 
serve to reflect the beams of light as indicated so that they inter- 
sect each other at an angle of 90° in the photometer cube. The 
photometer field is viewed through the lens L with an eyepiece 
of the type commonly used for such work. The brightness of the 
two images formed by the light leaving the surface normally and 
that formed by the light leaving at an angle of 45° can be varied 
by means of the neutral tint wedges C and D. The zero of the 
instruction is set by placing the sample by a piece of pot opal 
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glass so placed that the line OP which bisects the angle NOM 
is normal to its surface. This is illuminated by swinging the light 
source with its collimating lens into the position indicated by the 
points S,A,. The opal glass is therefore illuminated normally 
with a beam of parallel light and images of this surface are formed 


* 


r 
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Fic. 4.—Schematic diagram of instrument 


in the photometer cube by light which leaves the surface at equal 
angles on the opposite sides of the normal to the surface. With 
the scale which is attached to the neutral wedge D set at zero, a 
photometric balance is made by adjusting the position of the 
neutral tint wedge C, this adjustment having been made, the 
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light source is returned to the position for the illumination of the 
sample as designated by the letters S and A. The sample to be 
examined is then placed in position, B, and a photometric balance 
made by moving the neutral tint wedge D. This gives a direct 
measurement of the relative brightness of the surface as viewed 
normally and at the angle of specular reflection. The scale carried 
by the wedge D may be calibrated either to read the ratio of these 
two brightnesses or, if desired, to read directly in gloss values. In 
the case of some surfaces having a marked texture, it may be 
found difficult to make precise photometric settings when the 
image is focused in the photometric cube. By displacing slightly 
the lenses E and F the sharp focus can be destroyed and this diffi- 
culty overcome. 


RESULTS 


Errect upon GLOss OF VARIATIONS IN ILLUMINATION 


In order to determine the influence of the type of illumination 
used in illuminating the sample upon the resulting gloss values, 
the following series of measurements were made. Eleven samples 


of paper varying widely in glossiness were chosen. The’ gloss 
values for each of these were then measured using a collimated 
beam incident at 45° in illuminating the sample. The results of 
these measurements are given in Table 1 in the column marked 
“parallel.” By removing the lens, O, (see Fig. 1) and replacing 
it with a disk of opal glass of proper dimensions, the sample was 
illuminated by a source subtending .01 of the steradian at the 
sample. A second series of gloss measurements were made and 
the results are given in Table 1 in the column marked “semi- 
diffuse.’ It will be noted that in all cases the values obtained 
with parallel illumination are higher. For instance, for the most 
glossy surface, the reading of the semi-diffuse illumination is 
12.4 while with a collimated illumination a value of 24.0 was 
obtained. It is evident in both cases that for a glossless surface 
the reading must be zero. The use of collimated illumination 
therefore gives a more extended scale and increases the ability 
to detect differences between samples varying but slightly in 
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gloss value. For this reason, therefore, and also because a satis- 
factory brightness can be obtained more readily for this type of 
illumination, it was decided to adopt the parallel illumination 
as a standard condition for the measurement of gloss values. 


Errect upon GLoss oF Various SuRFACE TREATMENTS 


In order to determine the effect of certain surface treatments 
upon the gloss characteristics of various stocks, eleven samples of 
raw stock used in the manufacture of photographic papers were 
chosen as representing the entire range of gloss variations which 
occur with these materials as they come from the mill. The 
values of gloss will be found in Table 2, column 1. It will be noted 
that there is a relatively small variation in the gloss of these 
samples. Other samples from the same stocks were examined 
after having been coated with baryta. The gloss values obtained 
are shown in the second column of the table. A typical photo- 
graphic emulsion was chosen and by coating this on each of the 
eleven stocks selected a finished developing-out paper was ob- 
tained. Samples of each were fixed out, washed and dried in the 
usual way and the gloss values determined. These values will be 
found in column 3. A second lot of emulsion containing a suitable 
material for the production of a matte surface in a photographic 
paper was used in making up an additional set of samples from 
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the same paper stocks. Samples from these were treated as pre- 
viously, that is, fixed-out without exposure, washed, dried and 
the gloss values obtained. The values determined are shown in 
column 4. 

It is impossible to analyse completely the results shown in 
Table 2. The effect of the baryta coating is not the same in all 
cases and this undoubtedly is due to peculiarities of treatment 
that occur in the process. However, it will be noted that in all 
cases the gloss values are increased appreciably by coating the 
various samples with plain emulsion while the use of the matte 
emulsion reduces the gloss value in all cases. In fact, the gloss 
values given in column 4 are so nearly equal that but little varia- 
tion in gloss is apparent in this group of samples. 


TABLE 2 


} 





1 | 2 
Sample No. Raw Stock | Baryta Coated 


3 | 4 
Plain Emulsion | Matte Emulsion 





.33 10 | 43 24 
36 / 43 19 
.62 06 | 1.89 .18 
45 05 .78 .29 
69 oo 24.0 44 
40 31 3 
70 21. 
50 5.08 13. 
49 5! 1. 
.83 4 22. 
51 6 . 





VARIATION OF GLOSS WITH DirFUSE REFLECTING POWER 

When a photographic paper is exposed and developed, small 
particles of metallic silver are produced which, since they have a 
very low reflecting power, reduce the reflecting power of the 
surface. This blackening of the surface reduces the amount of 
light diffusely reflected without appreciably changing the amount 
of light which is reflected specularly. This follows from the fact 
that practically all of the specularly reflected light is that which 
is reflected from the surface layer of the material that is at the 
boundary of the air-gelatine surfaces. It will be seen, therefore, 
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that when glass measurements are made on photographic papers 
that have been subjected to varying degrees of exposure, a rapid 
increase in the gloss value must occur, since B, remains practically 
unaltered while B, decreases to a very marked extent. 

In order experimentally to determine the relation between 
photographic density and gloss, a series of measurements were 
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Fic. 5—Numerical results plotted in graphic form 


made on the samples that had been subjected to various degrees 
of exposure, developed, washed, and dried in the usual manner. 
It might be well to point out at this place that the word “density” 
as used in this connection is defined by the equation D (density) = 


the logarithm of 2 where R is the value of diffuse reflecting 


power as measured under certain definitely specified conditions 
of illumination and observation.* 
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Three standard photographic papers representing a low, 
medium, and high gloss were used for the determination of the 
relation existing between density and gloss. Numerical results 
are given in Table 3 and these are plotted in graphic form in 
Fig. 5, curve A representing the variation in gloss value with 
density for Iris D, curve B for Azo K, and curve C for carbon black 
glossy. 


Taste 3 











Carbon Black Glossy. 











These results make it very evident in the case of photographic 
papers at least that’ some specification of the condition of the 
material under which the gloss measurement is made must be 
given. For photographic papers, it seems most logical to specify 
that gloss measurements be made on a sample which has been 
fixed out without exposure, washed, and dried in the usual manner. 
In the case of a photographic print which is made up of areas 
differing widely in density, usually from the minimum to a maxi- 
mum density obtainable with the material, it is evident that no 
single gloss value applies to the entire surface, that is, gloss varies 
from point to point depending upon the density. While this makes 
it impossible to establish a fixed value of gloss to a photographic 
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paper without specifying the value of its diffuse reflecting power, 
such a procedure seems to be in harmony with our fundamental 
concept of the term glossiness. 

At first thought it may seem more logical to assume that a given 
surface should have a specific value in gloss regardless of other 
factors such as density, but a careful consideration of the problem 
leads us to the conclusion that our judgment of glossiness is very 
vitally dependent upon the diffuse reflecting power of the surface. 
Of two surfaces having equal values of specular reflecting power, 
the one having the lower value of diffuse reflecting power will 
undoubtedly appear the more glossy. It has been suggested 
that in order to avoid the dependence of gloss upon the density, 
an absolute value of specular reflecting power be taken as meas- 
urement of gloss. Such a procedure would seem to be in direct 
opposition to the fundamental concept of the word glossiness. 
As an illustration of this, let us consider the case of two equally 
well groomed horses, one black and the other white, seen under a 
brilliant illumination such as a clear, sunny day. It is probable 
that the value of specular reflection in the two cases is approxi- 
mately equal and the high lights produced by the specular reflec- 
tion of the sun would be of about the same brightness while it 
is undoubtedly true that a great majority of judges would say 
that of the two the black horse had the more glossy coat. Careful 
examination of samples prepared by exposing pieces of the same 
photographic paper to various extents and developing so that a 
series varying in reflecting power was obtained, indicates that 
glossiness increases as reflecting power decreases. The magnitude 
of the increase in glossiness, however, is not proportional to the 
increase in the value of gloss as previously specified. The correla- 
tion of the subjective sensation with the stimulus remains to be 
accomplished. It is probable that a method similar to that used 
in other fields of visual sensitometry involving the determination 
of the magnitude of change in the stimulus required to produce a 
just noticeable difference in the sensation will yield the desired 
results. The conclusion that our judgment of glossiness is a 
function of contrast seems inescapable and therefore in the case 
of photographic papers gloss must undoubtedly be dependent 
upon density. 
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GLoss MEASUREMENTS ON DEVELOPING-OvuT Papers 

A satisfactory method for measuring and specifying gloss having 
been developed and the effect of various factors upon gloss having 
been determined, a large number of samples of commercial! 
developing out papers were measured. As stated previously, 
certain words and phrases are at the present time used to desig- 
nate in a qualitative way the gloss of such materials. There are 
a large number of such terms in use but the four most commonly 
used are “‘matte,” “semi-matte,” “semi-gloss,” and “glossy.’’ 
In Table 4 are given the results of the measurements. In column 
1 is given the trade name of the material and in column 2 is the 
term used by the manufacturer in designating the gloss character- 
istic of the surface, while in column 3 are the gloss values obtained 
by measuring under the standard conditions previously outlined. 

The samples were prepared by taking an unexposed sheet of 
the material, fixing it out in a clean, fresh, acid fixing bath, wash- 
ing, and drying in the usual way. These samples were then 
mounted by the dry mounting process on sheets of aluminium 
about 1/16 of an inch thick. This method of mounting was 
found to be necessary in order to obtain precisely repeatable 
results. It is absolutely essential in doing precise work of this 
kind that the sample be mounted in such a way that it is held 
perfectly flat and smooth. If precautions are not taken to obtain 
perfect flatness very slight variations in the planeness of the 
sample introduces variations in the readings which are serious, 
especially in the samples having relatively high gloss. By using 
care in preparing the samples, it was found that values can be 
repeated from time to time to within approximately +4%. The 
first value given in Table 4 is that for magnesium carbonate. This 
sample was prepared by taking a block of the material, and 
carefully scraping the surface with a steel straight edge. It will 
be noted by comparing the value of gloss with the terms used in 
the description of this factor that surfaces having values up to 
.67 are described as matte or carbon, while values ranging from 
1.57 to 2.78 apply to surfaces described as ‘“‘semi-matte” or 
“smooth.”’ Only two surfaces designated as ‘‘semi gloss” were 
measured and for these the gloss value was 4.3. The range from 
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TABLE No. 4 


1 2 
Name Surface 





Magnesium Carbonate Matte 
ee ; Carbon 

Artura Iris D. ..-| Matte. 

Bromide Matte Enamel ....-| Smooth Matte.... 
Artura Iris C... ..| Smooth Matte... 


Artura Aegis No. 2 Smooth Matte 

Velox Carbon. , i 5 i ae cas ekeeway 

Azo B ..-| Rough... 

SS : ; Carbon... “an 
| Velox Portrait... . Smooth Matte...... .. 


Carbon Black..... Rough Matte.... 
Carbon Black ...| Matte 

Artura Iris B.... ...| Semi Matte. 

Bromide Standard B ..| Smooth.... 

Artura Iris A... .., Smooth Semi- Matte... 


Velox Velvet.. ..| Semi-Matte. 
pe se 3s Semi-Matte. 
pp eeee Semi-Gloss. . 
Bromide Velvet. . ....| Semi-Gloss. 


Glossy... 


Glossy...... 

Glossy... 
Velox Glossy... . Glossy... 
Carbon Black. ..| Glossy... 
Bromide Enameled . ...| Glossy... 


Solio Ferrotyped. . . ..| Glossy... 





NOTE: The values in this table were determined on samples taken at random 
from stock and do not represent the standards for the materials indicated. 


14.5 up to 66.3 applies to those surfaces designated as “glossy.” 
Before reaching a final correlation between the numerical gloss 
values and verbal descriptions of the surface, it would be well 
to examine a much larger number of surfaces. However, on the 
basis of those already examined, the following classification is 
proposed. 
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In the following table are given the numerical ranges of gloss 
value which apply to the various descriptive terms. It is obvious 
that there is no distinct line of demarkation between the various 
classes, but it is convenient from the practical standpoint to make 
a more or less definite division of the scale. The point separating 
the classes designated as “‘semi-gloss” and “gloss” is indicated 
as 7.0. This is a rather rough estimate since but few surfaces 
designated as semi-gloss have thus far been examined. It is 
possible that more complete data on the subject will make it 
necessary to alter the division point between these two classes, 
but at the present time it is thought that the value chosen is 
approximately correct. 











TaBLe No. 5 
Descriptive Term | Range of Numerical Values 
RSA ER 0 to 1.0 
Semi-Matte.......... 1.0 3.0 
Semi-Gloss. .......... 3.0 7.0 
ere | 10.0 oo 





In order to show the relation between gloss values and the 
distribution curve of the light reflected from the surface, it may 
be well to show graphically some of these distribution curves. In 
Fig. 6 are shown the distribution curves for samples Nos. 2 and 
12, these representing the high and low gloss values for the matte 
class of surfaces. These distribution curves were determined by 
illuminating the sample normally with parallel light and measur- 
ing brightness at various angles as indicated by the abscissae 
values. The ordinate values are in terms of relative reflecting 
power, the reflecting power of the magnesium carbonate surface 
under normal illumination and observation being taken as 100%. 
In Fig. 7 are shown the distribution curves for samples Nos. 13 
and 17, these representing the high and low limits of gloss in the 
“semi-matte” class. In Fig. 8 is given the distribution curve for 
the “semi-gloss” class. Only two examples of the classification 
were examined, each having a gloss value of 4.3. In Figure 9 are 
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Fic. 10—Distribution curves of various classes of surface 

given curves for samples 20 and 25, these representing the limits 
of the “glossy” group. 

In order to show more clearly the relation existing between the 
distribution curves of these various classes of surface, the four 
curves shown in Fig. 10 are given. These curves represent a 
_typical surface of each of the four groups, curve A being that for 
sample 8 having a gloss value of .38. This value is the approxi- 
mate average for the matte group. Curve B is that for sample 
No. 15 having a gloss of 2.00, this again representing the average 
gloss for the semi-matte group. Curve C is that for sample No. 
19, being the semi-gloss material, while Curve D is for sample 
No. 21, a typical representative of the glossy group. 





INSTRUMENT SECTION 


STANDARD RADIO WAVEMETER: 
BUREAU OF STANDARDS TYPE R 70B 


BY 
R. T. Cox 


Radio communication is carried on by electromagnetic waves 
whose frequencies vary from 15 000 cycles or less per second to 
3 000 000 cycles or more per second. With the constantly increas- 
ing number and power of transmitting stations it is important 
that apparatus be available to accurately measure the frequency 
of the waves emitted by a transmitting station. Certain fre- 
quencies are assigned by law to certain kinds of communication, 
and the inspector whose duty it is to enforce the law must know 
that his measurements are accurate. 

In the widely varied fields of scientific research in which use is 
made of radio-frequency current, the requirements are even more 
exacting, both as to range and accuracy of measurement, than 
in actual radio communication. 


A circuit composed of a capacity and inductance is resonant to 


oe , 1 . 
electric vibrations of a frequency f=—— where f is the fre- 


2xVLC 


quency in cycles per second, L the inductance in henries, and C 
the capacity in farads. Thrown into a more suitable working 
form, the equation is: 

= —159 150 

V Lp(C+Co) 

in which / is the frequency in kilocycles per second, Lp the pure 
inductance of the coil in microhenries, C the capacity of the con- 
denser in micromicrofarads, and C, the effective capacity of the 
coil in micromicrofarads. 
§@ Such a circuit, with the condenser variable, is, when calibrated, 
a wavemeter and may subsequently be used to measure the fre- 
quency of any electric vibration within the range of variation of 
the instrument. 
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The Bureau of Standards has for a number of years been evolv- 
ing for its own use standard radio wavemeters for use in testing 
commercial instruments and in radio research. The latest model, 
type R70B, is described in this paper and is shown in Fig. 1. 
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Fic, 1—Standard Wavemeter, Type R-70-B 


1, Variable condenser 8. Mercury wells and links 

2. Handle of variable condenser 9. Leads from condensers to coil 

3. Screw, clamping condenser handle 10. Glass uprights supporting leads 

4. Slow motion device 11. Metal upright 

5. Window for reading scale 12. Ground wire 

6. Fixed mica condensers 13. Standard inductor (glass core) 

7. Fixed mica condenser, capacity 0.001 14. Single turn to indicate resonance 
microfarad 15. Thermo-galvanometer 


The variable condenser is of the Bureau of Standards type! 
with the following modifications. The top of insulating material 


1 Bureau of Standards Circular No. 74, “Radio Instruments and Measurements,” 
p. 120. 
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and metal has been replaced by a top entirely of metal. This top 
is nickel plated with dull finish. The dull finish protects the eyes 
of the operator against glare and offers an appearance more sightly 
than would a bright surface which could not be polished properly 
without disrespect to the condenser. The insulating part of the 
handle has been made shorter and the handle itself made longer. 
The handle axis is pierced by a vertical screw by which it can be 
clamped to the condenser shaft or released from it and rotated 
freely. With this device the handle need never obstruct the view 
of the scale or enter the field of the wavemeter leads. The vertical 
screw requires more force to clamp and release than would a 
horizontal screw bearing against the condenser shaft, but it escapes 
the tendency the latter device has to cant the handle. The scale 
of the condenser has graduations much narrower than the scales 
used on Bureau of Standards condensers previously made. The 
graduations are continued to 190°. This is to enable the vernier 














to function over the range between 171° and 180°. The vernier 
is engraved on a block beveled down to avoid parallax. The 
block extends to the rear in a flat spring by which it is securely 
pinned to the condenser top. The beveled edge rests lightly on 
the condenser scale. The 0, 5, and 10 marks on the vernier are 
extended and numbered and an extra division is laid off on either 
side of the 0 and 10 marks to aid in reading fractions of 0°1 and 
0°9. This is a very doubtful advantage inasmuch as it is a little 
bewildering to read and sometimes causes errors of one degree. A 
reading glass is used in reading the scale. A slow-motion mechan- 
ism, shown in Fig. 2, has been attached to the condenser. An arm, 
extending from the rim to the center of the condenser top, is 
pierced to encircle the condenser shaft, to which it can be clamped 
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by a screw. The arm and the condenser shaft so clamped can 
then be rotated through a limited traverse by a screw at the rim 
of the condenser top. The condenser bearings, through which 
contact is made between the movable plates and the shield, are 
steel on phosphor-bronze, lubricated with powdered graphite. 
The slow-motion device makes it feasible to have the bearings 
tighter than would permit precise settings without the device 
and thus to eliminate all detectible vertical play of the condenser 
shaft. The condenser shares the following features with other 
Bureau of Standards condensers. It is assured a constant calibra- 
tion, with proper care, by its rigid construction, its shield, its 
unimpeded traverse through 360° without stops which jar the 
plates out of alignment, and its all but total lack of any dielectric 
except air. It has large semi-circular plates, not sheared at one 
edge or rounded at the corners, which give it a capacity calibration 
curve very nearly linear from 5° to 170°. The resistance is kept 
at a negligible value by the elimination of all insulating material 
except three short Pyrex glass rods which insulate the fixed plates 
from the movable plates and the shield. The condenser has a 
maximum capacity of 0.0012 microfarad. 

Fixed mica condensers are used to supply additional capacity. 
Four shielded condensers are used having capacities of 0.001, 
0.002, 0.004, and 0.008 microfarad respectively. None of them 
has a phase difference greater than 5 minutes at 500 000 cycles a 
second. The high-potential terminals are rods extending up to 
the level of the top of the variable condenser and ending there in 
mercury wells. Four more mercury wells are in a projection from 
the high-potential terminal of the variable condenser, and by 
means of interchangeable links between the wells any combination 
of fixed condensers may be put in parallel with the variable con- 
denser. The fixed condenser of 0.001 microfarad is raised on a 
metal column in order to shorten its high-potential lead and thus 
diminish any undesirable capacity effects that might result from 
a long lead. Such effects will be less important with condensers 
of greater capacity and these are not raised but left at the lower 
level where they are not in the immediate field of the leads joining 
the condenser to the inductor. 
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These leads are of 1.6 mm (1/16 inch) brass rod, enclosing 
a square about 25 centimeters on a side. Four uprights support 
the leads. The two of these on the ungrounded side are made of 
Pyrex glass in order to keep the resistance low. The upright 
nearest to that terminal of the variable condenser which is con- 








Fic. 3—Standard Inductor 


nected to the shield is of metal and extends through the top of the 
truck on which the wavemeter is mounted, terminating in a bind- 
ing post for grounding. The shields of the fixed condensers are 
joined to this binding post. The fourth upright is a rod of ordinary 
insulating material. The leads end in two binding posts, into 
which the coil terminals can be thrust and clamped, all the coils 
having terminals at the same height and distance apart. 

Of the seven coils to be used with this wavemeter, five are 
single-layer coils of polygonal cross-section like the coil shown in 
Fig. 3. They are wound on skeleton frames of laminated phenolic 
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material, which furnish by their-open construction as near to an 
air core as the requirements of rigidity and strength permit. 
They are wound with silk-covered “high-frequency cable” 
(litzendraht wire) each strand of which was tested for continuity. 
The turns of wire are laid in notches in the coil frame. The binding 
posts are securely pinned to the frame to prevent their working 
loose and twisting the wire. The shape of the coils is the result of 
compromise between considerations of low resistance, low effec- 
tive capacity, and mechanical convenience. It may be shown 
that of all single-layer cylindrical coils with a given inductance 
and a given spacing between adjacent turns that one will have the 
least conductor resistance whose diameter is approximately 2.46 
times its length of winding.* On the other hand the effective 
capacity of a single-layer coil is roughly proportional to its 
diameter and can hence for a given inductance be reduced by 
decreasing the diameter and increasing the length of winding to 
compensate. Since the resistance of the coil does not begin to 
increase at any very startling rate until the coil is made longer 
than it is wide, the shape may be varied until the length is as 


nearly equal to the diameter as is convenient mechanically. 
Among the five coils under discussion the average ratio of coil 
diameter to length of winding is about 2.1. These five coils 
range in inductance from 10 to 5000 microhenries. The lower 
limit is imposed by electrical considerations, the upper by mechan- 
ical considerations. 


A coil wound on a skeleton frame similar to those of the single- 
layer coils but having three spaced layers and designed to have 
an inductance of 23 000 microhenries is now being made. For 
a higher inductance a coil bank-wound with high-frequency cable 
(litzendraht wire) on a Pyrex glass cylinder is used. The induc- 
tance of this coil is 128 000 microhenries. 

The combination of condensers and coils described furnishes a 
range of wave-lengths from 65 meters to 85 000 meters, or, ex- 
pressed in frequencies, from 4 600 000 cycles a second to 3500 
cycles a second. 


? Bureau of Standards Circular No. 74, “Radio Instruments and Measurements,” 
p. 290. 
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To indicate resonance, a single turn of 1/8 inch brass rod is 
coupled to the wavemeter coil. The terminals of this loop end 
in mercury wells fastened at the bottom of an insulating cup. 
Ordinarily a sensitive thermo-galvanometer rests in this cup with 
its terminals dipping in the mercury wells. When greater 
sensitiveness is desired, this instrument is exchanged for a thermo- 
element with leads to a wall galvanometer. This turn is fixed 
so that its coupling with any one coil of the wavemeter is always 
the same. It is grounded on the side nearest the condenser. 

The carriage on which the wavemeter is mounted is a modified 
form of the ordinary hotel] dish truck or carriage. It has a strong 
iron frame, which is grounded. The wheels are six inches in 
diameter and rubber tired. All of them are of the swivel type and 
have ball bearings at the swivel. The top of the truck is a heavy 
slab of maplewood. To it are screwed the fixed and variable con- 
densers, the uprights supporting the leads, and the single turn 
used to indicate resonance. Rubber cushions are under the 
variable condenser to absorb shocks. 

Although the wavemeter described represents the experience 
of the Radio Communication Section of the Bureau of Standards 


as a whole, its design is more especially the work of Mr. J. L. 
Preston. 


BUREAU OF STANDARDS, 
WasuinctTon, D. C. 





MERCURY LUBRICATED RESISTANCE BOX PLUGS 


BY 
J. R. Roesuck 
SYNOPSIS 
Electrical Resistance Box Contacts 


(1) Taper plug contacts are unreliable for careful work as their resistance varies 
with the chance position, firmness of seating, condition of contact surfaces, and use of 
neighboring contacts. 

(2) Mercury cup contacts have the mechanical disadvantage of the spread of mer- 
cury over the surfaces and through the metal, and the electrical disadvantage of varia- 
ble resistance due to the difficulty of keeping the mercury path constant. 

(3) Taper plug contacts when /ubricated with oil have much more steady but 
materially higher resistance. 

(4) But when made of copper and lubricated with mercury, the contact resistance 
is greatly decreased, to 4 of that of clean metal surfaces, and also becomes much more 
constant. The resistance of the contact is only slightly dependent on tightness of 
seating and on age; the contact surfaces do not cut, or squeeze out; they cement them- 
selves together but may be separated without damage. Resistance may be trusted to 
10* ohms. 

(5) The design of sets of contacts should be such as to give great strength and inde- 
pendence between contacts. Several designs are illustrated. 


It is an ordinary experience to find that the limiting errors in 
measuring a resistance is the variable resistance of the taper plug 
contacts. These are usually made of brass and fit into seats 
between brass blocks which are held in position by screws through 
a plate of hard rubber. Two distinct difficulties appear; (1) the 
plug when removed and replaced has a different resistance, and 
(2) the shift of one plug alters the resistance of its neighbors on 
account of the shift of the brass blocks on the hard rubber sup- 
port, altering the contact pressure. These effects become greater 
in magnitude as the contact surfaces become scored, oxidized or 
dirty. 

Work of high precision such as called for in platinum resistance 
thermometry is impossible with such contacts. The required 
constancy is obtained by using copper links dipping into mercury 
held in copper cups, or in some special cases, by using sliding con- 
tacts. In the course of a long experience with such mercury cups, 
a number of difficulties have been encountered. The mercury 
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spreads gradually over the whole surface of the copper, and ulti- 
mately reaches the necessary soft soldered connections. The 
mercury often forms a siphon over the walls of the cups and they 
empty themselves in a few hours. Or it may work through the 
copper and the cup leak; so that it has been found advisable to 
set these cups in some mercury resistant material, like hard 
rubber. If two cups are on a different level, the link acts as a 
siphon, emptying one cup into the other. The exposed surface 
of the mercury becomes covered with a black layer, presumably 
of copper oxide, so that it is necessary to keep the links sub- 
merged in the mercury except when actually in use. An appar- 
ently crystalline material forms around the rim of the cup and 
requires cleaning out occasionally, altho it has no great effect on 
the resistance. The resistance of mercury being some sixty times 
that of copper, the resistance of the contact varies with the 
position of the link in the cup, so that it is usually recommended 
to use a flat surface on link and cup and hold them together. 

The spread of the mercury over the copper surface is retarded 
less by varnish than by using an oxidized surface, such as formed 
by heating the clean copper surface in the air. The spread may 
be still more effectively stopped by plating with iron.' Annealing 
in a vacuum, even at 100 degrees C, drives off considerable of the 
hydrogen and leaves the iron softer. The iron coat may be pro- 
tected from oxidation by varnish or lacquer. 

It has been found that lubricating’ the brass plugs with oil or 
vaseline, while it increases the actual resistance, reduces its vari- 
ability greatly. The explanation is apparently that when un- 
lubricated the two similar metals soon cut each other, forming 
burrs and grooves, so reducing the area of contact. The forces 
involved when the plug is turned in hard are very considerable. 
If the plug be well fitted and kept lubricated, the cutting is 
eliminated; the surfaces in contact remain unchanged over much 
longer periods and the resistance consequently is not subject to 
as great variations. 


! Watts, Trans. Am. Elec. Chem. Soc. 25, p. 529, 1914. 
* Manley, Phil. Mag. (6), 33, 211, 1917. 
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If mercury could be used for lubricating the plug, the advantage 
gained by lubrication might be retained; the mercury being a con- 
ducting liquid should decrease the contact resistance and the 
absence of a mass of mercury should avoid some of the cup diffi- 
culties. It is very probable that this has been tried, but the 
writer has not found any record of it. This account may be of 
value to some workers. 

The choice of metal for plug and seat falls immediately upon 
copper, since in the first place, it does not introduce a new metal 
into the circuit, and in the second place, while mercury wets 
copper readily, it does not sink into it and disintegrate it, as it,does 

for example—with zinc or brass. To try out the possibilities, 
several sets of plugs and seats were made up and as no serious 
difficulty arose in their use, the set shown in Fig. 1 was,built for 






































Fic. 2 


measurement. The plan drawing is to the scale shown below it, 
and the blocks were 17/32” thick. The insulator shown cross 
hatched was bakelite fiber which soon proved quite unsuitable 
as it changes size with change in hygroscopic conditions. Mica 
fills the requirements perfectly when used to separate the blocks. 
The steel bolts are insulated by a sheath of hard rubber 1/16” 
thick. The insulation was tested by applying 110 volts to adja- 
cent blocks, without ‘the galvanometer showing any deflection. 
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The bolts were screwed as tight, it was judged, as they would 
stand without stripping. The plugs tapered from 9/32” to 13/16” 
giving a conducting section of 0.217/32" while the length of 
the conductor is 4”. 

For comparison a very similar conductor, Fig. 2, was formed 
by cutting two }4” wide slots into a block of copper leaving a neck 
with close to the same dimensions as the plug in Fig. 1. 

Holes of less than one millimeter diameter were bored as repre- 
sented at a, b, c, d, e, and f, and filled with mercury. A measured 
current was led in and out by inserting wires into the end holes. 
The potential drop between holes on each side of a neck or plug 
was measured by connecting the holes to a galvanometer of 1.1 x 
10-* volts per mm sensibility and 55 ohms resistance. The cur- 
rent was adjusted to give convenient readings and varied from 
0.05 to 4 amperes. Deflections were read by reversing the cur- 
rent. 

The resistance figured from the dimensions of the neck in Fig. 2 
was 0.710 ohms. The resistance measured as described above 
was 1.09X10-* ohms. The difference outside of the rather large 
error is the resistance of the approaches to the neck. 

The plugs of Fig. 1 were ground in to make a good fit and were 
freshly cut, clean and bright. The plug was seated firmly and the 
resistance read as 32.010 ohms. Reseated it read 9.5X10°, 
while the smallest resistance obtained was 6.26 10-* ohms. The 
voltage drop was much more sensitive to the firmness of setting 
than later when amalgamated. 

The plugs were then amalgamated thoroughly by dipping 
in hot mercury, having melted resin on its surface. After cool- 
ing and cleaning, they were placed in their seats and without 
waiting for the seats to amalgamate, the resistance was read 
as 5.0X10* ohms. The plugs were left in place except for 
dipping in fresh mercury and reseating occasionally, for several 
days, by which time the seats were thoroughly amalgamated also 
and the resistance had fallen to 2.0X10-* ohms. Assuming that 
the plug and the neck are alike in dimensions, the contact resis- 
tance unamalgamated is 6.17 x 10-* and amalgamated 0.91 x 10- 
so that amalgamating dropped the contact resistance by a factor 
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of 6.8. This is a very great advantage over lubricating with oil 
which increases the contact resistance. 

The thickness of the mercury film depends on how firmly the 
plug is set in its seat. The specific resistance of mercury being 
about sixty times that of copper, the contact resistance should be 
lowered by forcing in the plug. When the plug was wet with 
fresh mercury, the variation between loosely and firmly set was 
15-20%, amounting to 0.310 ohms. With a little attention 
to setting the plugs firmly, this variation need not exceed 0.1 
10°* ohms. The mercury on the copper gradually becomes pasty. 
Its removal by fresh mercury will produce variations of about the 
same magnitude (15% —20%), so that such a contact could be 
trusted to a millionth of an ohm with certainty. This is better 
than is needed for almost any resistance thermometry work, and 
is much better than other factors e.g., steadiness of coils with 
time, temperature effect on coils or perfect compensation of 
leads. 

Since this test performance was so good, a set of 12 plugs (Fig. 
6) was made up and has now been in use about 18 months. The 
performance has been equal to the promise and justifies a more 
complete discussion. 

The mercury evidently lubricates the surfaces and prevents the 
cutting. The surfaces on the plugs are as good as when first 
amalgamated. If they had not been amalgamated, the amount 
of service they have received would have left them all scored. 
The cutting is practically eliminated. 

The mercury does not soften the surface of the copper as might 
be feared. No plug has been found to work into its seat by an 
observable amount and with the slight taper a small amount of 
squeezing out would show immediately. 

Since the mercury fills the whole volume between the copper 
surfaces, the effective conducting contact is very constant. For- 
eign material is pressed out when the plug is inserted which ejec- 
tion is aided greatly by the surface tension of the mercury. When 
the plugs are used over a kerosene bath, they become spotted 
with small areas of a black oily like substance. It is too adherent 
to be wiped off with absorbent cotton, but is readily removed with 
a rough paper leaving the amalgamation unimpaired. 
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When the plug only is amalgamated, it sets itself firmly in the 
seat in the course of a few hours so as to require loosening with 
pliers. The effect decreases steadily with time but never entirely 
disappears. Even after a year or more, if the plugs be seated 
firmly and left a month or two, they become too firmly held to be 
loosened by the fingers, but yield readily to the pliers. No plug 
has been injured by the force required to unseat it, nor are the 
surfaces apparently injured in any way. Beyond some slight 
inconvenience it does not seem to be material. The plug when 
seated firmly has only a slightly different resistance when loosened 
and reseated firmly. 























The standard design of resistance boxes where the metal blocks 
are mounted on a plate of hard rubber, is not the most satisfac- 
tory. The blocks are not held firmly enough, and mercury or 
metallic scum might readily form short circuits. Much stronger 
and more satisfactory designs are those represented in Figs. 3, 4, 5, 
and 6. In case one wishes a design where the removal of one plug 
cannot possibly affect any others, Fig. 3 satisfies such a require- 
ment. It is, however, much bulkier and requires more parts than 
the other designs. In designs Fig. 4 and 5, it is conceivable that 
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the shift of one plug might affect the one on either side. The 
experiments described above showed, however, that the mercury 
covered plug was much less affected by tightness of seating than 
when dry. Also if the 4” steel bolts are drawn up as tight as 
their strength will justify, the forces involved in seating the plugs 
are very much smaller, so that design Fig. 6 should be satisfactory, 
and experiment has shown it to be so. The resistance of a seated 
plug as actually measured is independent within the limits given 
above of the condition of the neighboring plugs. A set of 12 plugs 
like Fig. 6 has been in use now for a year and a half and has 
proved very satisfactory. 





In the first designs as in Fig. 1, space was left on each side of 
the plug and the slot was enlarged to allow keeping the insulator 
clean and the slot free from metallic deposit. It was found, how- 
ever, that no deposit formed, so that it is quite safe to bring the 
end of the mica insulation nearer the plug as is done in Fig. 3-6, 
and it would also probably be safe to cut the slot to 3/32” or 
even 1/16”. 

The spread of the mercury over the copper may be practically 
stopped by using oxidized surfaces, since there is no large supply 
of mercury at hand to spread. This may also be aided by bevelling 
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out the top of the taper hole slightly and by making the plugs long 
enough to project at least 1/16’’ below the copper blocks. Under 
these circumstances the drop of mercury hanging on the tip of 
the plug has little tendency to spread to the copper blocks, nor 
is there much likelihood of the mercury forming a bridge between 
the blocks. 

Designs Fig. 3 and 4 have to be supported through insulators 
but those of Fig. 5 and 6 may be supported from the bolts as indi- 
cated in Fig. 6. The strip of steel is continued across below the 
plugs and the coils hang from threaded soldered connections, 
indicated at the rounded ends of the bars. As an additional 
fence for the mercury these rounded ends were wound with silk 
floss and then saturated with thick shellac varnish. 

This means of connection for the coils could also be used in 
Fig. 5, but in Fig. 3 and 4 such connectors would be put preferably 
into the sides of the blocks, one connection for each coil terminal, 
so that the connection is through the body of the copper block 
whether the coils are in use or not. 

Paysics LABORATORY, 


UnIversiry oF WISCONSIN 
Marca, 1921. 





A HIGH-VOLTAGE STORAGE BATTERY FOR USE WITH 
ELECTRON TUBE GENERATORS OF RADIO- 
FREQUENCY CURRENTS 
BY 
E. L. Hatt anp J. L. Preston 

The purpose of this paper is to give some information in regard 
to a high-voltage storage battery which has been used by the 
Radio Laboratory of the Bureau of Standards for over four years 
and has given excellent service. There have been many calls for 
information upon this subject and it is hoped that this paper may 
answer some of these inquiries. The present apparatus is subject 
to further improvements. At the close of the paper are given 
recommendations for several changes which seem desirable. The 
particular batteries to be described are used to furnish plate 
current for a generator of undamped radio-frequency currents. 
The electron tube used is either a Western Electric VT-2 or a 
General Electric Type P pliotron, or their equivalents. The 
current for the first tube may range from 5 to 30 milliamperes 
while for the latter tube it may be 150 milliamperes depending 
on the plate voltage used. It is necessary that a constant current 
of small value be available. 

The individual elements composing this battery are made by 
The Electric Storage Battery Company, being their type LT 
Chloride Accumulator. The following data are taken from the 
catalogue of the above company: 








Size of Number of | Discharge in Amperes 
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The batteries were made up using twelve cells per row and four 
rows to the tray, giving about 100 volts when charged. Fig. 1 
shows the arrangement as employed at present with one excep- 


tion which will be mentioned later. Wooden trays were made 
up of 34-inch lumber measuring 1114 by 19 by 4 inches deep. 
Legs 134 inches long were placed at each corner. Vertical 
supports 12 inches high were fastened at each corner of the 
tray so that the trays might be built up in stacks if desired 
thus occupying a minimum of floor or table space. The trays 
were given two coats of black insulating varnish, allowing plenty 
of time for drying between coats. 





Fic. 1—View of 100-volt storage battery tray arranged to permit stacking of other trays 


Melted paraffin was poured into the tray and allowed to harden. 
The glass jars, the tops of which had been dipped in paraffin for 
about an inch down the side, were then put in place and one end 
of the tray blocked up about 2 inches. More paraffin was poured 
in until it came within about 1 inch of the top at one end and 
about three inches from the top at the other end. After the 
paraffin hardened and the tilting blocks were removed a sloping 
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surface resulted which is convenient for washing out any acid or 
dirt. A flared glass tube was put through the bottom of the tray 
at the lower end to drain off any water or acid. 

As shown in the photograph the plates for the battery come in 
pairs consisting of one positive and one negative plate joined by 
a lead link, the plates going in adjacent cells and being supported 
by the lead link. The battery was made up in such a way that 
its terminals were at the opposite end from which the tray is 
drained. This is the chief point of variation of the battery as now 
employed from that shown in the photograph. 

Chemically pure sulphuric acid is diluted to bring the specific 
gravity to 1.210. Directions for mixing the electrolyte may be 
found in any handbook on storage batteries. The electrolyte 
in the jars should come about one-fourth inch above the top of 
the plates. 

Paraffin covers were made for the cells. The majority of covers 
in use consist of one long cover for each row of cells. The paraffin 
was poured into a wooden mold or trough about 144 x 1844 inches 
forming a piece about 4 inch thick. While the cover was still 
warm, it was removed from the mold and placed on top of the 
row of cells where it was pressed down and conformed to the 
tops of the jars and lead links. In the center above each jar a 
considerable depression was made and a small hole made for 
gases to escape. This method gives a convex surface to the under 
side of the cover so that the spray forming when the cell is charg- 
ing collects on the cover and forms droplets which are returned to 
the electrolyte. As would be expected the covers have reduced 
the evaporation greatly in addition to keeping dust out of the 
cells. When the batteries are on charge no spray or fumes are 
noticeable in the room. The paraffin cover is not shown in the 
photograph. 

Each terminal of each battery comes out to the blade of a 
single-pole double-throw switch mounted on the vertical supports 
of the tray. The lower terminals of all positive terminal switches 
are connected together, the same being true of the negative ter- 
minal switches. By throwing all of the switches downward, the 
batteries are placed in parallel either for obtaining 100 volts or 
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for charging from the 110-volt direct current mains. The bat- 
teries are connected directly to the 110-volt mains through small 
fuses when charging. The upper terminals of the switches are 
connected in series, positive to negative, and have suitable binding 
posts attached to each pair of switch terminals for the wires from 
the radio-frequency generator. By a suitable throwing of switches 
any voltage from 100 to 600 may be obtained with these batteries. 
The voltage obtained of course depends on the number of trays. 
When operating the larger electron tube, three of the batteries 
may be in’ use while the other three are being charged. 

Quite a number of these batteries have been used by the Radio 
Laboratory of the Bureau of Standards and they have been en- 
tirely satisfactory for supplying a small constant current such as is 
necessary for electron tube generators. To obtain best results 
the batteries must be given some attention to see that the jars 
are kept filled with distilled water to a height somewhat above the 
top of the plates and are charged from time to time. How often 
the batteries are charged depends on how much they are used. 
It is preferable to charge them oftener and keep them well charged 
than to use them to the limit, charging them only at wide intervals 
or when nearly run down. The trays should be washed out once 
in two or three weeks with clean water to remove any collected 
acid or dirt. 

As has been previously stated, storage batteries of this general 
type (using same type of element) have been in use in the Radio 
Laboratory for over four years. While no definite data have been 
collected to show the useful life of such high-voltage batteries 
some very conservative estimates may be given. The life of such 
batteries is greatly influenced by the care afforded them. Good 
care includes keeping the jars and wax free of acid spray and dust; 
keep jars properly filled; keep within the proper ampere-hour 
charge and discharge rate; and if batteries are not normally used 
at the specified discharge rate, they should be exercised about 
every two weeks by discharging, through a resistance, at the 
proper discharge rate and then recharged. Batteries of this type 
which have been given proper attention have been in use for over 
four years and are yet quite serviceable. Others have gone to 
ruin in six months for want of care. 
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RECOMMENDED CHANGES IN CONSTRUCTION 

The wooden tray should be provided with a lining of sheet lead 
of 1/16 inch or less in thickness. This could be made up and 
dropped into the wooden box, all seams being sweated together. 
The inside of the lead box should be painted with insulating 
varnish. The lead box will protect the wood from the action of 
the acid, which seems to creep through the paraffin to some 
extent. If the lead box is used in the construction of the trays, 
precautions should be taken to prevent current leakage down the 
side of one cell, across the lead sheet and up the side of another 
cell. Careful painting of the inside of the lead box with asphaltum 
varnish and the precautions mentioned in the following paragraph 
should eliminate any such trouble. 

In the present battery the individual jars in a row are set 
without any space between them. In very warm weather this is 
apt to cause the row to buckle as has been noticed. The worst 
feature of this construction, however, is the creeping of acid and 
moisture down between the glass jars. When the paraffin is 
first poured in, it is difficult to get it in between the jars thor- 
oughly. This may permit acid and water, when the trays are 
washed out, to collect between the jars and work its way between 
the first and second layers of paraffin and out to the wood box. 
Some leakage of current also may take place.. Hence the following 
method of construction is suggested. In setting up the battery 
allow a separation of 34 inch between the jars in each row with 
the present spacing of one inch between rows. This will allow the 
paraffin to flow readily in between and around all jars. While the 
paraffin is still in the liquid state if it is splashed up around each 
jar a tight seal should be produced. 

Individual covers for each cell could easily be made of paraffin 
which would cover the cells more tightly than the covers used at 
present, and still further reduce the evaporation and probable 
current leakage from cell to cell. An advantage of having one 
cover for each row of cells is that each row may be readily inspected 
as to the condition of the individual cells in the minimum of time. 
A possible disadvantage is the current leakage from cell to cell 
along the cover but this condition if present does not seem to 
seriously affect the performance of the battery. 
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Fig. 2 shows the general features of construction. 


DIMENSIONS OF TRAY 














Aqgepstste Rows | Cells per Distance Distance Tray inside | Remarks 
tage Row between rows) between cells Dimensions 
100 4 | 2 1 0 | 11%x19 |Present tray 
100 ey aa. 1 3% | «114x244 ‘Suggested size 
jrather un- 
|wieldy. 
50 2... bo tet 1 3% 8141634 |Suggested 
isize too low 
|voltage. 
100 re ors 1 35 1314 X 20% |Suggested 
|size. 








FIVE ROWS OF JO CELLS EACH; CELLS. 1/2x1 986x456 HIGH. 
SPACE ROWS |” APART ANO CELLS IN Row Ye" 
INSIDE OF TRAY, IS/4= Z07/2 (APPROXIMATELY.) 
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Fic. 2—Schematic drawing of 100-volt 0.2 ampere-hour storage battery 
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A METHOD OF TESTING PLATES FROM PIEZO- 
ELECTRIC CRYSTALS 


BY 
W. G. Capy 


The increasing interest that is being shown in the properties 
and applications of piezo-electric crystals make it seem worth 
while to call attention to a convenient and sensitive method for 
the testing and comparison of plates cut from such crystals. 
Instead of the customary electrometer or ballistic galvanometer, 
a deteqtor tube of the kind used in wireless receiving circuits is 
employed. The plate to be tested is subjected to light periodic 
stresses of audible frequency by means of a buzzer, and the 
quality of the plate is judged by the response in a telephone re- 
ceiver. Plates may be tested for either the “longitudinal” or 
“transverse” effect.' The writer has used the device for several 
years in the testing of plates of quartz, Rochelle salt, and other 
crystals. 
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Fic. 1—Apparatus for testing piezo-electric plates, using longitudinal effect 





Fig. 1 shows the arrangement used for the longitudinal effect. 
A represents the buzzer, which should give a fairly high note, 
mounted, with packing to absorb sound, in the wooden box B, 
which is fastened to the base-board or table C. D is a glass tube 
or rod, about a foot long and %% inch in diameter, passing through 
a hole in the end of B, and pressing against a binding post of 

1 Fora summary of piezo-electric principles, and an account of sundry applications 
see, for example, Nicolson, Trans. Am. Inst. Elec. Eng., 38, p. 1467, 1919; or Wood, 


Bull. Seismol. Soc. of Am., 11, p. 15, 1921; or a forthcoming paper by the writer on the 
“piezo-electric resonator,” in Proc. Inst. Radio Engineers. 
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the buzzer, or some other rigid part that vibrates energetically 
when the buzzer is working. Cemented to the other end of D is a 
small brass block E, the end of which is cupped out as shown in 
section. In this cavity fits the metal ball F, 34 inch in diameter, 
ground flat on one side, and kept from falling out by a fine wire 
run through a hole in its center and bent back around E. The 
flat face of this ball presses against one face of the quartz or other 
plate under test. On the pther side of the plate is a block of metal, 
G, weighing a few ounces. This is fastened to the wooden block 
H, which can be moved to left or right between guides (not shown 
in the figure). The left-hand end of G is tapered down, and has 
cemented to it a round disc of the material to be tested, cut in 
such a way as to exhibit the longitudinal effect when compressed, 
of the same diameter as F and of approximately the same thick- 
ness as the plates to be tested. E is allowed to rest on the wooden 
block M. E and G are connected respectively to the filament and 
grid of the detector tube, the anode circuit of which contains 
the usual battery and telephone. A second amplifying tube 
may of course be used, but is usually unnecessary. 

When the buzzer is connected to a battery and a quartz plate 
is inserted between F and K, the vibrations transmitted through 
the glass rod will cause a periodic compression of the quartz, and 
a sound will be heard in the telephone if the elctric fields in both K 
and the plate are in the same direction. Reversing the plate 
then causes the sound to vanish, unless the plate differs appre- 
ciably from K in quality. The block G, which serves merely as a 
rigid backing, may be pressed against the quartz plate by hand, 
or an elastic band may be slipped around M and H. The amount 
of pressure is of small consequence. The object of the metal 
ball F is to insure as uniform a pressure as possible on opposite 
sides of the quartz plate. Without this precaution, results are 
likely to be deceptive. 

A quartz plate of any size may by this method be quickly 
explored, and changes in polarity or marked variations in the 
piezo-electric constant will be readily detected. Roughly quanti- 
tative results may be obtained with an audibility meter. Plates 
do not have to be ground with special care before being tested. 
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For the transverse effect the same apparatus is used, slightly 
modified as shown in Fig. 2. D is here the same glass rod, set 
into longitudinal vibration as before by the buzzer. E is a rec- 
tangular brass block on the end of D, resting on the wooden block 
H. In most cases the same block E may be used as in Fig. 1, with 
the ball F removed. If two plates a, b, are to be compared, they 
are laid end to end upon a small piece of tinfoil which is cemented 
to H and connected to the grid of the detector tube. A block G 
of any fairly dense, hard material as brass or porcelain is laid 
upon H and pressed against the crystal plates. A mass of 20 
to 30 grams is usually sufficient. When the buzzer is in action, 
the plates are periodically compressed, and alternating electric 
fields are set up in a direction normal to the tinfoil on H. These 


to filament 








° grid 











Fic. 2—Modification of apparatus for transverse effect 


fields are in the same or opposite directions according to whether 
the two plates happen to agree in polarity or not. Thus when the 
tinfoil-coated end of a small wooden exploring-rod N is moved 
back and forth in contact with the top surfaces of the plates, the 
sound heard in the telephone will be continuous if the upper faces 
of both plates possess always like electric polarity. Reversing 
one plate (i.c., turning it upside down, not end for end) will then 
cause the sound to die out when the exploring-rod is midway over 
the edge of contact of the two plates. The relative polarities and 
qualities of a number of plates may thus be quickly determined. 
The quality of a single plate may obviously be tested with the 
same apparatus. Under some conditions the tip of the finger will 
be found to serve as well as the exploring-rod and tinfoil N, to 
make contact with the upper surface of the plates. 


WESLEYAN UNIVERSITY, 
MmpLetown, Conn. 





AN ELECTRON TUBE AMPLIFIER FOR AMPLIFYING 
DIRECT CURRENT 
BY 
H. A. Snow 

In various fields in electrical work, particularly in radio work, 
it is important to have a relay possessing negligible time lag, 
capable of operating on small impressed currents, of the order of 
10 milliamperes. Such a device may be found useful, for example, 
in recorders for registering telegraphic or radio signals, in appara- 
tus for remote electrical control, in railway signaling work, and 
for operating an oscillograph from a source of very small current. 

The following paper describes a resistance coupled electron 
tube amplifier designed to amplify a direct or alternating current 
of 10 to 20 milliamperes to 110 to 200 milliamperes to take the 
place of a special type of polarized relay at present used for this 
purpose. The conditions under which the relay operates and 
which are imposed on the amplifier follow: 


CONDITIONS 
The current operating the relay is either an alternating current 
of 10 to 20 milliamperes at a frequency of about 40 cyclés or a 
direct current of the same magnitude in either direction, both of 
which are applied intermittently from a high impedance source. 
The input impedance of the relay is about 750 ohms with an al- 
lowable increase to 1000 ohms. The impedance of the output 
circuit is 50 to 100 ohms. When a direct current in a given 
direction is supplied to the input of the amplifier, an amplified 
direct current will be produced in the output circuit. When a 
direct current in the opposite direction is supplied to the input, 
an amplified direct current in the opposite direction will be 
produced in the output circuit. The amplifier will amplify alter- 
nating currents of either low commercial frequencies or high radio 

frequencies with very little distortion. 


TUBES 


The electron tubes selected for the amplifier tests were UV-202 
Radiotron 5 watt power tubes, because of their high filament 
emission and steadiness of operation with a high plate current. 
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CircultTs 


Since the electron tube amplifier is essentially a voltage operated 
device of high impedance, it is not readily adapted for efficient 
current amplification. For highest efficiency the highest possible 
voltage should be produced from the input current it is desired 
to amplify. The type of amplifier circuit that may be used is 
limited by the fact that the input consists partially of direct 
current, to a resistance coupled circuit employing the voltage 
drop across a resistance for the input to each stage, so the maxi- 
mum voltage available with 10 milliamperes flowing in the input 
circuit is the drop across a resistance in the input circuit. The 
resistance being limited to 1000 ohms, the maximum voltage 
available is 10 volts. This requires more than one stage of ampli- 
fication for efficient use of the tubes. 
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Fic. 1—Amplifier circuits 
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Circuit DESCRIPTION 

Two circuits each having two resistance-coupled stages were 
set up and adjusted for maximum current amplification. These 
circuits are shown diagrammatically in Fig. 1. 

In both circuits 1 and 2 of Fig. 1: 

A and B are the input terminals. 

C and D are the output terminals. 

E (in dotted lines) represents the impedance of the output 
circuit. In these tests E was a resistance of 50 ohms. 

F, G, and P are respectively the filaments, grids and plates of 
the tubes. 

H =First stage. 

K =Second stage. For simplicity only one tube is shown in 
each stage, although several connected in parallel were used. 

B, and B,=8 volt batteries of sufficient capacity to supply the 
filaments connected to each battery. Each tube requires 2.3 
amperes. 

B;=Source of grid voltage of 22 to 110 volts, according to 
tubes used, capable of carrying about 40 milliamperes in a direc- 
tion opposite to the voltage of this source. 

B,=Source of plate voltage, 220 volts, capable of delivering 
0.5 amperes. 

B, = 40 volt battery to supply 200 milliamperes. 

B,= (circuit 2 only) 12 volt battery to supply 20 milliamperes. 

R, = Input resistance of 1000 ohms. The sensitivity of the ampli- 
fier can be controlled completely by varying this resistance. In- 
creasing the resistance increases the current amplification and 
reducing the resistance decreases the amplification. 

R.=Coupling resistance of 10000 ohms to 55000 ohms, 
according to number of tubes used. Both R, and R, should 
have a current capacity of 30 milliamperes. 

R;= Resistance which must be variable by small steps from 150 
to 300 ohms, such as a slide wire rheostat. Current carrying 
capacity 200 milliamperes. 


TEsTs 
With the two circuits shown in Fig. 1 adjusted to give the high- 
est amplification, measurements were made of the output current 
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for an input voltage of 10 volts positive and negative which cor- 
responds to an input current of 10 milliamperes through the input 
resistance of 1000 ohms. The current amplification, that is, the 
ratio of the output to the input current, is obtained by dividing 
the measured output current by the 10 milliampere input current. 


RESULTS 
The following table shows the amplification obtained with both 
circuits, using the tubes as indicated in the first three columns 
and also gives the values of coupling resistance and grid voltage 
(R, and B; respectively of Fig. 1) required for best operation 
in each case: 















































TABLE 1 
Cireuit 1 
Number of Tubes | | F Output Current Current 
Total No. | First Stage [Second Stage| 2: Obms B, Volts | with 10mainput} Amplification 
2! 1 1 | 4000 | 00 | o | 6 
3 1 2 46 000 100 100 10 
4 ob es. 56 000 | 88 120 | 12 
5 2 3 14 000 110 130 13 
6 2 4 | 14000 | 110 10 | 16 
| 
TABLE 1 
Cireuit 2 
| | 
Number of Tubes | Cc Cc t 
= 1 
Total No. | First Stage =— Stage R: ohms B, volts input 
3 1 | 2 | 1200 | 45 70 7 
4 2 2 | 800 | 3s 90 9 
5 2 3 5 000 48 110 il 
6 | 2 4 | 5 000 | 66 140 14 
] 











' Does not fulfil requirements. 


Two curves with input voltage as abscissas and output cur- 
rent as ordinates with circuit 1 and one curve with circuit 2 are 
shown in Fig. 2. The irregularity of the sloping part indicates 
that the input current is distorted slightly by the amplifier due 
to the grid current taken by the tubes. 
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DIscUSSION 

Table 1 shows that in order to fulfil the conditions that the 
input current of 10 to 20 milliamperes will be amplified to 110 to 
200 milliamperes, the minimum number of tubes that can be 
used is four tubes in circuit 1 and 5 tubes in circuit 2. Circuit 1 
should therefore be the more economical to use even though 
two separate filament batteries are required, because less tubes 
are required and the total current capacity of both batteries 
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required to supply the filaments in circuit 1 is less than the 
capacity of the single battery required in circuit 2. Circuit 2 
also requires an additional grid battery (B,, Fig. 1) of 12 volts. 

The difference in amplification of the two circuits is due to the 
manner of connecting the coupling resistance (R:, Fig. 1). In 
circuit 1, the grid current of the second stage tubes acts as a 
regenerator, to increase the amplification for a given input cur- 
rent, while in circuit 2 the amplification is decreased by the grid 
current. ° 

ADJUSTMENTS 


The necessary adjustments to put the amplifier in proper 
operating condition are: 

(1) Filament Current: The filament current is adjusted by 
means of a series rheostat to 2.3 amperes per tube, or the fila- 
ment voltage to 7.4 volts. With an 8 volt storage battery and 
low resistance leads no external resistance is necessary. 

(2) Output Current: With no input current flowing, the resis- 
tance R; of Fig. 1, is adjusted until the output current is reduced 
to zero. The amplifier is now ready for operation. 

If changes occur in the plate voltage supply or a tube is re- 
placed, it may be necessary to readjust R; to reduce the output 
current to zero with zero input current. 


GENERAL 


The plate supply (B,, of Fig. 1) may be of any voltage between 
200 and 250 volts. A 220 volt D.C. light or power line may be 
used provided that the voltage does not vary more than about 10 
volts. 

With a plate supply of less than 200 volts the amplification 
decreases rapidly, while voltages in excess of 250 overheat the 
tubes and make their operation unsteady. 

The above tests were all made using UV-202 Radiotron 5-watt 
power tubes. Other tubes suitable for current amplification are 
Western Electric type E tubes. With these tubes somewhat 
less amplification was obtained, and not as steady operation 
because of heating. 
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SUMMARY 


Two resistance-coupled amplifier circuits were constructed to 
amplify both a direct and alternating current of 10 milliamperes 
to 110 to 200 milliamperes magnitude, and tests made to deter- 
mine the amplification for best adjustments of the circuit con- 
stants. 


BUREAU OF STANDARDS, 
Wasaincton, D. C. 





A SIMPLE FORM OF LABORATORY POTENTIOMETER 


BY 
H. W. FaRwe.yt 


The increasing use of potentiometer measurements makes it 
very desirable to give students in general physics some laboratory 
instruction which shall make clear the principles involved. In 
many instances the available instruments are either the standard 
box potentiometers or two similar resistance boxes. Occasionally 
the ten meter potentiometer wire is found. 

For the elementary student the box form is not altogether the 
most satisfactory, since he can not see clearly just what the con- 
nections are. Again he hardly needs at this stage instruments 
as accurate and as expensive as are those sent out by the standard 
makers, although he will need and appreciate them somewhat 
later. 

In trying to find some satisfactory and simple arrangement to 
serve the purpose we decided that the most acceptable was very 
easily obtained. We use a high resistance tube rheostat of the 
Biddle or Beck type, say of 3000 ohms, connecting a 4 volt storage 
battery across the whole resistance, and the standard cell or 
unknown emf between one end and the sliding contact. Assum- 
ing that the wire is uniform and uniformly wound, the ratio of 
the emfs is the same as the ratio of the lengths measured from the 
proper end of the cylinder to the sliding contact. 

Every connection is in plain sight, the apparatus is compact 
and the whole operation is as direct as can be desired. The width 
of the sliding contact may easily be made smaller, but we have 
not changed it as the results obtained were quite good enough 
for our purpose. A comparison of results obtained by a student 
with this arrangement and with a Leeds and Northrup “Student”’ 
potentiometer will show better than anything else what can be 
expected by way of accuracy. 
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Cell A 
Cell B 
Cell C 
Cell D 


CotumBiA UNIVERSITY, 
January, 1922. 


Emf by L. & N. 
potentiometer 
1.4781 volts 
1.3193 
1.0757 
1.5064 





LABORATORY PoOTENTIOMETER |J.O.S.A & R.S.I., VI 


Emf by tube 
potentiometer 
1.480 volts 
1.322 

1.061 

1.511 














PHOTOGRAPHY OF MOVING INTERFERENCE 
FRINGES 


BY 
Aucustus TROWBRIDGE 


A rather hasty survey which I have made of the physical 
periodicals has not disclosed any previous description of the 
fairly obvious method of photographing interference fringes 
which forms the subject of this note. A very brief description 
may therefore be worth while, if only to save some one else the 
trouble which I have taken in finding the proper dimensions to 
enable one to obtain photographs showing satisfactory contrast 
when the fringes are moving rapidly. 

There is a very decided advantage in substituting a photo- 
graphic film for the eye whenever slow temperature changes in 
the material of the interferometer are to be feared, for, by the 
aid of photography, we can record the passage of at least a 
thousand fringes per minute and so reduce by a factor of at least 
ten, the time during which the disturbing effects of changing 
temperature are present. Another advantage lies in the ability 
to repeat a fringe count since one has the photograph as a per- 
manent record. A disadvantage is, of course, the fact that 
photography of rapidly moving fringes is not a practical method 
throughout the whole of the visible spectrum. The practical 
long wave-length limit with the apparatus described below was 
that of the bright green mercury line. 

The vertical straight line fringes formed by a Michelson inter- 
ferometer were used in taking the photographs illustrating this 
article. A real image of these fringes was formed by a small 
achromatic camera lens (f=4.5). About one inch in front of 
the real image formed by this lens was placed a cylindrical lens of 
about one inch focus with its axis horizontal. The converging 
beam formed by the spherical lens just completely filled the verti- 
cal aperture of the cylindrical lens. 

The action of the cylindrical lens was practically to leave 
unchanged the horizontal spacing of the fringes, but to reduce 
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the vertical line images to a series of point images of enhanced 
brilliancy. 

At the focus of the cylindrical lens, a narrow strip of sensitized 
paper could be made to pass in a vertical plane by a simple roller 
mechanism which fed the paper from a roll into a bath of developer 
enclosed in a light tight box. In fact, the supply of paper, the 
developer, and the rollers were all in the same light tight enclosure 
which carried the cylindrical lens. As the developed record came 
out of the bath it could be drawn out into the not too brightly 
lighted room and fixed without fogging. 
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Automatic development saves a considerable amount of time 
and is quite possible in the case of fringes, formed by blue and 
violet lines. In case of faint lines, or strong lines of wave-lengths 
in the green or yellowish green, it is necessary to do the developing 
with regard to the best contrast and, in this case, it is simpler to 
collect the record in the light tight box and develop by hand in a 
dark room in the usual way. 

If the fringes are stationary and the photographic paper is 
moved at right angles to the axis of the cylindrical lens, a record 
is obtained similar to the upper portion of Fig. 1 (a) or the lower 
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portion of Fig. 1 (b). If the fringes are in approximately uniform 
motion the record is similar to the lower portion of Fig. 1 (a) 
or the upper portion of Fig. 1(b). The inclination of the trace 
that looks like an inclined fringe system, is, of course, determined 
by the relative velocities of the paper and the moving fringe 
system. The number of fringes which pass a given point may be 
counted rapidly by counting the number which move out of the 
field of view at one edge of the record. 


Fic. 2 Fic. 3 


It is impossible to reproduce a record several feet long, but in 
Fig. 1 (a) and 1 (b) are given the beginning and ending of a 
continuous record. The light used was the mercury violent line 
(A 4047, 4078) as obtained by filtering the total radiation from a 
water cooled glass mercury lamp through one of the screens 
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prepared by the Eastman Kodak Company. Fig. 1 (a) shows 
the fringe system in the neighborhood of the white light fringes 
while Fig. 1 (b) shows those for which the path difference is about 
two hundred waves. Fig. 2 shows a portion of a record taken near 
the white light fringes in which the source of light was the mercury 
arc filtered with a dense solution of permanganate of potash. 
The periodically returning visibility caused by at least two com- 
ponents in the violet is evident even though the record is not a 
particularly good one owing to its having been developed automa- 
tically with no especial care for bringing out contrast. When this 
record was taken, both the fringes and the photographic paper 
were moving much more rapidly than was the case when records 
1 (a) and 1 (b) were taken. : 

Fig. 3 shows a portion of a record taken with a path retardation 
of about a thousand waves. The light from the mercury arc was 
filtered through a strong solution of quinine. The cause of the 
more prominent visibility change is due to interference of the 
green and violet Hg lines. A change of visibility due to the 
presence of the violet line of the shorter wave-length is also notice- 
able on the long original record from which that reproduced in 
Fig. 3 is cut as a sample. 


PALMER PaysicaL LABORATORY, 
Princeton, NEw JERSEY. 











A HIGH SPEED PRECISION RELAY 
BY 
Cart KINSLEY 

A relay has been developed in which no errors are introduced by 
the friction of pivots and one in which the inertia of the moving 
parts is usefully employed in the exact timing of the recording 
operations. i 

A careful study had been made, with an oscillograph, of several 
existing forms and very considerable errors had been found in 
every relay.'. The different types varied somewhat but all were 
imperfect. The measurements given include; 
' Time to set relay tongue in motion, f,, 0.002 —0.005 sec. 

Time taken for the tongue to reach 
the anvil, after starting, tz, 0.004 — 0.006 sec. 























Fic. 1—Relay details 


Although these time intervals are considerable they might not be 
of much importance except for the fact that they are not con- 
stant. 

The following drawing shows the principal relations between the 
parts of the relay designed to meet the requirements. The 
method of operation is as follows. 

1A. C. Booth, Jour. Inst. Elect. Eng. 1909, p. 43. J. Zelisco, Elektrotechnik u. 
Machinenbau, April 28, 1912, p.'349. 
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The weighted tongue or armature is lifted by the permanent 
field and held against the core of the magnet, which has a thin 
copper facing to prevent sticking. It is also by the same means 
kept permanently magnetized. The core, upon which the spool 
connected to the signalling circuit is placed, is made of very small 
soft iron wires which have been soaked in shellac and baked 
until they make a rigid whole of finely divided iron. 

The signalling impulse gives a temporary magnetomotive force 
opposing that due to the local battery. When the field is suffi- 
ciently weakened, the tongue is released and starts its excursion as 
a vibrating rod weighted at the end. There is no delay in getting 
the armature into motion. It starts as soon as the signalling 
current has reached the release value. In any permanent circuit 
this occurs at exactly the same time interval after each signalling 
impulse has started, depending on the circuit constants. The 
equations for the arrival curves for many types of circuits, 
including submarine cables, have been given by Malcolm.? 

After starting, the tongue moves in accordance with its equation 
of motion transforming its potential energy, due to the bent 
spring, into the kinetic energy of its moving mass. The contact 
point strikes the anvil and completes the operation by thereby 
closing a local circuit. The equation for its motion is obtained 
by adapting the equations given by Lord Rayleigh for a more 
simple tongue with concentrated mass.’ 

Potential energy of distorted spring, V, 


V = 6qk? al* cos? pt (1) 
Kinetic energy of moving spring and the weight it carries, T, 
T =(2MI'+5 p al”) p*sin?pt (2) 


Equate the maximum values of V and T and solve for p*. 
g=modulus of elasticity of spring, assumed S. I. tables 
= 19.510", dynes per sq cm 
k=radius of gyration of a section of the spring about a line 
through the axis and perpendicular to the plane of bend- 
ing, 


“The Theory of Submarine Telegraph and Telephone Cable,” 1917. 
3 Theory of Sound, vol. /, chap. 8. 
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=0.0153 cm 
a=area of a section of the spring, 
= 0.02662 sq cm 
l=length of the spring. 
M =mass attached to the spring, 
= 2.16 grams. 
ko =radius of gyration of M about its support. 
p=density of the steel of the spring, 


=7.8. 
f=natural frequency of the tongue. 
p=2nf. 


It might be thought that since the armature is attached rigidly 
to the spring that only the portion of the spring between the 
support and the armature, M, takes part in producing the poten- 
tial energy due to the bending. Tests, however, have shown 
that the spring assumes a curved form substantially the same as 
though it were of a length equal to the radius of gyration of the 
attached mass. This curvature is very different from the shape 
it assumes when the force is applied at the end of the free portion 
of the spring. In Eq. (1) replace / with ho. 

Likewise the / of Eq. (2) should be replaced by the radius of 
gyration of M, when the center of mass differs appreciably from 
the center of gyration. In Eq. (2) replace / with ho. 

The second term of Eq. (2) can be neglected without appre- 
ciable error; % of 1% for this armature. 

Make the substitutions and solve the equations for p* 

p? = 3qk*a/Mk* (3) 

There is a correction factor which should be considered, due 
to the rotational inertia of the armature. The tests made indi- 
cate that it is negligible, although the approximate term given by 
Lord Rayleigh, if correct, could not be neglected. 

Solve Eq. (4) for the frequency of vibration and arrange for 
experimental verification. 

f=B+kho =V3qka/ 4x2*M +k, (4) 

The spring length, /, was varied and the frequency, f/, was 
obtained by comparison with tuning forks. The log f and log 
ko were plotted and all of the points fell on a straight line, within 
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the limits of experimental error. The constants, and B, of the 
straight line were obtained and compared with the constants 
obtained by computation from Eq. (4). 





Fic. 2—Tongue vibration tests 


From experiment, »=1.49, from computation, m=1.50 
From experiment, B= 642.7, from computatin, B=654.3 

The agreement is within the experimental error, but a correc- 
tion of 1.8% for rotational inertia would make the two values for 
B identical. A large correction for rotational inertia would 
make the line a curve instead of a straight line, so that_it is 
legitimate to disregard this possible correction for all purposes of 
design. An earlier examination of vibrating rods with small 
variable loads also showed that no correction was needed.‘ 

The time required for the operation of the relay can be com- 
puted as follows. If the anvil is so placed that the tongue touches 
it when the spring is not bent, then the time required to leave 
the position of rest against the core and make its record at the 
anvil is 44 of a period. If a tongue having a frequency of vibra- 
tion of 192 pps is used, the time required to make a record is 
0.0013 sec. The time the tongue is in contact with the anvil 
depends much on the character of the surface and the location 
of the point of contact. At the instant of touching there is no 
distortion of the spring and if the point is placed at the center 
of gyration the time of contact may be only a few millionths of 
a second.° 


‘ Kinsley, Physical Review, 8, p. 244. 
5 A. E. Kennelly and E. F. Northrup, Jour., Franklin Inst., 1911, p. 23. 
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In all cases this can be arranged to be negligible, even when 
the recording surface is a chemically prepared paper, as in the 
practical application described later. Assuming, therefore, the 
time of contact to be negligible, the tongue will return to the core 
and be again held by the magnetic field in 0.0013 sec. The 
total time for an excursion being 0.0026 sec. 

It is necessary that by this time the signaling impulse shall 
have passed and the local current again established its normal 
magnetic field. If the signaling impulse has a greater duration 
than 0.0026 sec. it would be necessary to use a tongue with a 
greater natural period. 

The surface against which the tongue strikes can be a moving 
paper strip, slightly moistened with the proper chemical* so 
that the contact of the tongue will be recorded and at the same 
time close a local circuit. A standard tuning fork, electri- 
cally driven, can also be made to simultaneously make a record on 
the paper and the interval between two contacts of the relay 
obtained with great precision. 

Many applications of this relay could be made to scientific and 
commercial problems. An obvious one would be for the purpose 
of obtaining chronographic records, when the exact determina- 
tion of small time differences is of importance, our present methods 
being inadequate. A commercial use will be chosen as an illus- 
tration, the problem being one of increasing importance. 

The above described relay was used in the production of a 
high speed printing telegraph.’ It had been found that a sig- 
naling impulse on an overhead telegraph line of moderate length 
—four hundred miles—would be substantially clear of the line 
in about 0.0028 sec. Any existing type of printing telegraph 
operating at its maximum speed of one hundred words a minute 
would use the line for approximately 0.016 sec. for each short 
impulse. There was a considerable time during which the 
telegraph line was relatively idle. Certain telegraph systems— 
notably that of Rowland and of the Western Electric—distributed 
the line time between several telegraph instruments. This 


* Prescott, The Electric Telegraph, 3rd edition, p. 957. 
7 Kinsley, Am. Inst. Elect. Eng. June, 1914. 
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requires synchronism between the transmitting and receiving 
instruments and also greatly increases the amount of apparatus 
needed. 

The problem of the efficient use of the telegraph line was solved 
also by employing the high speed relay so that six hundred words 
a minute could be sent and received in Roman characters, ready 
for use. There was at the same time no necessity for synchro- 
nism and the telegraph instruments needed were much more 
simple than even one of the sets of the relatively slow speed 
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Fic. 3—Schematic drawing showing connections 


Five of the high speed relays described above are nested 
together and each tongue carries a portion of a letter. The 
relays are then operated by short current impulses, sent out in 
a predetermined manner by an automatic transmitter, which is 
controlled by a punched tape in much the same way that the 
slow printers are operated. The transmitting tape is prepared, 
by an addition to a standard typewriter, at the same time that 
a stenographer is transcribing a dictated telegraph message. 

The accompanying diagram of connections, Fig. 3, illustrates 
also the method by which the nested relays build up the alphabet. 
A schematic drawing of the transmitter, receiver, circuits, trans- 
mitting and receiving tape and certain other details are shown. 
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It is not believed that any further description of the method of 
operation is needed. A reproduction of a few words of a message 
is given to show the character of the lettering. All of the letters 
and figures are equally legible. 


WOOD DROOL aILSOSs THE CASE HAS 


BEET FIs~_eét Oo 47 TAME CIRC GtIT Ef2C60ARTF 


GHEE LAM GE TIEET /410 GASHIALGTOAN 
Fic. 4—Style of lettering employed 

Two views of the receiver are given. Figure 5 shows the 
operating position and Figure 6 has the printing head turned 
back so as to show the way the tongues of the relays are nested 


together. 














Fic. 5—Receiver 
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It should be specially noted that, aside from the movement of 
the paper continuously at a uniform speed, there are no moving 
parts except the five relay tongues, all of which are rigidly attached 
to the common, circular, external pole of the electro-magnets. 
These springs, therefore, never get out of alignment and the 
instrument can be left without attention for any length of time 
and then operated at once without adjustment. 

















Fic. 6—Receiver with head lifted 


This application of the relay illustrates the method of record- 
ing signals which are closer together than 0.0026 sec. the necessary 
interval with a relay having a normal frequency of 192 pps. Two 
relays can be used so connected as to operate independently upon 
reversal of the polarity of the signaling impulse. The vertical 
line of the letters is made by the correlated operation of two such 
relays. The time interval between the signals is only 0.0013 sec. 
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apart. The second relay starts its stroke at the time the first 
relay is recording. The space displacement of the two relays 
results in their records on the moving paper being accurately 
aligned. The short time of contact on the paper is shown by the 
entire absence of blurring of the record in spite of the high speed 
of the paper upon which the impact is made. 

In conclusion, it can be pointed out that the equation of motion 
of a weighted vibrating reed has been verified and the method of 
design for any type of circuit or signalling impulse has been 
pointed out. The relay using the high speed vibrating reed 
tongue is not subject to the large errors found in other forms 
now in use. 


CoRNELL UNIVERSITY 
Irnaca, N. Y. 





NOTICES 


TELLERS’ REPORT ON ELECTION OF OFFICERS FOR TERMS 
BEGINNING JAN. 1, 1922 
To Irwin G. Priest, Secretary: 
We, the undersigned regular members of the Optical Society of America, have 
counted the ballots in the election of officers for terms indicated below, all terms begin- 


ning January 1, 1922. We have verified the count and hereby certify the following 
to be the true results:— 


For President (2 year term) For Treasurer (5 year term) 
Walter B. Lancaster 60 Adolph Lomb 139 
Leonard T. Troland 94 For Members of Executive Council (2 year 
For Vice-President (2 year term) term) 
Herbert E. Ives Adelbert Ames, Jr. 
Loyd A. Jones Wheeler P. Davey 
For Secretary (5 year term) W. E. Forsythe 
Paul D. Foote Henry G. Gale 
Irwin G. Priest Carl W. Keuffel 
Ernest Merritt 


Respectfully submitted, 
(Signed) iF K. FREHAFER 


Francis P. PHELPS 
H. J. McNic#oras 


Tellers. 
WASHINGTON, 


DecemsBer 12, 1921, 

In accord with the vote certified above, the following officers are declared elected 
for terms beginning January 1, 1922:— 

President (2 years), Leonard T. Troland; Vice-President. (2 years), Herbert F. 
Ives; Secretary (5 years), Irwin G. Priest; Treasurer (5 years), Adolph Lomb; Mem- 
bers of Council (2 years), W. E. Forsythe, Ernest Merritt, Henry G. Gale, Adelbert 
Ames, Jr. 


(Signed) Irwin G. Priest, 
Decemser 13, 1921. Secretary. 


Tellers’ Report on Vote on Amendment to By-Laws 

To Irwin G. Priest, Secretary: ; 

We, the undersigned regular members of the Optical Society of America, have 
counted the ballots cast for and against the amendment proposed viz:— 

Art. VIII of the By-Laws now reads:— 

“After recommendation by the Council, By-Laws may be enacted, amended 
or suspended by a two-thirds vote, by ballot, of the regular members of the 
society.” 
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The Executive Council has recommended that this be amended to read: 
“By-Laws may be enacted, amended or suspended by concurrence of two- 

thirds of the whole Executive Council.” 

We have verified our count and certify that the true results are:— 


“Ves” 
“No” 


(i.e. in favor of amendment) 120 
(i.e. against amendment) 


17 


Respectfully submitted 


WASHINGTON 
DEcEMBER 12, 1921. 


(Signed) { M. K. Fresarer 


Francis P. PHELPS 
H. J. McNIcHoLas 
Tellers. 


In accord with the vote certified above, the proposed amendment is declared to 


be adopted. 


DeceMBeER 13, 1921. 


(Signed) Irwin G. Priest, 
Secretary. 


ROCHESTER SECTION OF THE OpTICAL SocreTy OF AMERICA 
ProcramM oF MEETINGS For 1921-1922 


OcTOBER 10, 1921. 

Dr. L. T. TRoLanp, Professor of Psy- 
chology, Harvard University, and 
Consulting Psycho-Physicist, Kal- 
mus, Comstock and Wescott. 
“Brightness and Color in Relation 

to Zone Theories of Vision” 


OCTOBER 24 
Meeting of the National Society 


NOVEMBER 14 
Dr. C. E. K. Mess, Director, Research 
Laboratory, Eastman Kodak Com- 


y: 
“The Manufacture of Light 
Filters” 


NOVEMBER 28 
Dr. Herman KELtNer, Director, 
Scientific Bureau, Bausch & Lomb 
Optical Company. 
“The Principles of Microscopic 
Vision” 
DECEMBER 21 
Mr. R. B. Wusey, Physicist, Research 
Laboratory, Eastman Kodak Com- 
pany. 
“Recent Improvements in X-Ray 
Photography” 


JANUARY 9 
Dr. L. Smserstem, Mathematical 
Physicist, Research Laboratory, 
Eastman Kodak Company. 
“Optical Consequences of the 
Rotation of the Earth’’ 
JANUARY 23 
Dr. Henry G. Gate, Dean, University 
of Chicago. 
“The Spectroscopic System of 
Fundamental Units” 


FEBRUARY 13 
Dr. F. E. Ross, Astronomer; Research 
Laboratory, Eastman Kodak Com- 
pany. 
“Recent Progress in Astronomy” 
FEBRUARY 27 
Mr. W. B. Raytown, Scientific Bureau, 
Bausch & Lomb Optical Co. 
“The Optics of the Telescope” 
MARCH 13 
Dr. L. V. Kuve, Professor, McGill 
University. 
“Molecules and Light” 
marcH 20 
Dr. R. A. Mittrxan, Director, Physi- 
cal Laboratories, California Poly- 
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technic Institute. 
Chemical Society) 
“Radium” 


(With American 


APRIL 10 
Pror. F. K. RICHTMYER, 
University. 
“X-Ray Measurements and 
Optical Properties of Thin 
Metal Film” 


Cornell 


APRIL 24 
Pror. J. C. McLennan, Head of Phy- 
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sics Department, 
Toronto. 
“On Some Recent Advances in 
Spectroscopy” 


University of 


May 8 
Mk. A. L. Scuoen, Physicist, Research 
Laboratory Eastman Kodak Com- 
pany. 
“Instruments and Methods Used in 
Spectroscopy” 
MAY 22 
Business Meeting and Annual Dinner. 


The following are the present officers of this local section: 
President: F. C. FAIRBANKS 
Vice-President: Henry Kurtz 
Secretary: L. L. MELLoR 
Treasurer: E. G. Quin 
Program Committee: L. A. Jones 


AN ENGLISH TRANSLATION OF HELMHOLTZ’S “OPTIK” 


To Tae Eprror: Many of our readers will be glad to know that the council of the 
Optical Society has appointed a committee to make arrangements for bringing out an 
English translation of Helmholtz’s great work on physiological optics. 

The first edition of the “Handbuch der Physiologischen Optik” was published in 
1866, more than half a century ago; and the fact that this epoch-making work, which 
remains to-day the most original treatise on physiological optics, has never been trans- 
lated into English, is a reproach to both Great Britain and America. To make its 
valuable contents accessible to those who do not find it easy or convenient to read a 
foreign language will be conferring a boon on many scientific investigators in the vast 
and expanding territory which this book was originally intended to cover. 

Incidentally, the proposed English edition will be a memorial of the hundredth 
anniversary of the birth of Hermann von Helmholtz, whose influence on modern scien- 
tific thought in nearly every direction has perhaps been as widespread and permanent 
as that of any of his great contemporaries in the nineteenth century. 

It is estimated that the cost of translating, editing, and publishing this memorial 
volume (or volumes) will be $5,000 or more. It is particularly desired that every indi- 
vidual who is interested in the success of this project and in the advancement of the 
science of light and vision in this country will have an opportunity of contributing 
towards it. 

Contributions, no matter how small, may be sent to Adolph Lomb, Esq., treasurer 
of the Optical Society of America, care of Bausch & Lomb Optical Company, Rochester, 
New York. Make cheques payable to “Adolph Lomb, Treasurer.” 

Any one subscribing as much as $15 will receive a copy of the complete work when 
aieteaene James P. C. SovurHatt, 

President, Optical Society of America. 
DEPARTMENT OF PHYSICS, 
Cotumsia UNIVERSITY, 
NOVEMBER 28, 1921. 





